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WJTANT CHOLERA HOIiOTOXHC AS AH ADJUVANT 
^ the Tnvention 

This invention relates to the uee of an 
immunogenic mutant cholera holotoxin having reduced 
toxicity compared to a wild- type cholera toxin and a 
B ubstitution other than aBpartic acid for the glutamic 
acid at position 29 of the A eubunit of the cholera 
bclotoxin as an adjuvant to enhance the immune reaped 
in a vertebrate hoBt to a selected antigen. 

nnmrgrmmrt SM &9 Tmrenfeton 

The immune system ubsb a variety of 
mechanisms for attacking pathogens. However, not all 
of these mechanisms are necessarily activated after 
isaamisation. protective immunity induced by 
Umuniaation ia dependent on the capacity of the 
vaccine to elicit the appropriate immune response to 
resist or eliminate the pathogen. Depending on the 
pathogen, this may require a cell-mediated and/or 
humoral immune response. 

A aubstance that enhances the imaune response 
when administered together with an immunogen or antigen 

is known as an adjuvant. 

The Oram-negative bacterium Vibrio choleras 

(V. eholerae) is the causative agent of the 
gastrointestinal disease cholera. The diarrhea caused 
by V. chol-rae is due to the secretion o£ cholera toxia 

<CT). , . , , 

CT comprises a single A subunit (CT-A) , which 

is responsible for the ensymatic activity of the toxin, 

and five identical B subunits (CT-B) . which are 

involved in the binding cf the toxin to intestinal 
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epithelial cell 11 >. other -lis ^c^n 

gLglioBide O* on their surface. Together, ^JT A 
Ld CT-B eubunits eompriae a holotorin. The eguenca 
a£ CT has been deBcribed (Bibliography entry 1). 

CT a la ae*ahetero»eric complex oousistinff of 
one A polypeptide and five identical B polypeptides 
" L B^cnta»e, la reared for binding to the 
ell surface receptor gauglioaide ^ < 3 > ' ^ 
Bul}U nit can be proteolytically cleaved within the 
aing le dioulfide-linJcd loop between C1B7 and CIS to 
price the ensymatieally active ,1 polypeptide (4) and 
!L .naaller polypeptide A2, which links fragment Al to 
2 T <*on entry into euterocytes, C*-A1 

MP-rihoeylatee a regulatory O-protein <Gsa) . which 
s ZZ to constitutive act— of adenylate cyclase, 

^creased intracellular concentration of c^,end 
deration of fluid and electrolytes into the lumen of 
1 eaall intestine (S> . vitxo, 
transferase activity of C* ie stimulated by the 
0 presence of acceeaory proteinB CBlled «FS (7) , 

0 ^binding proteins known to be involved in veBicle 

trafficking within the eukaryotic cell. 

The need for affective immunisation • 
procedure* ie particularly acute with reepect to 
proc , oauee acuta iofectionB at, 

.5 infectious organism* which oauae aeuca 

or gain entrance to the body through, the 
gastrointestinal, pulmonary. naaopharyngeal or 
genitourinary surfacea. These areas are bathed in 

mucus, which contains ^^^J^^L ifl 
30 largely of eecratory IgA (8.9,10) . ™*~*\° d * L * 

30 dsrlved fro, large nunbers of IgA-producing p a-a 

cells which infiltrate the le-ina propria regions 

W«lvin fl tbeee mucosal membrane* (11,12). IgA 
underlying tneee 1UMna i eurfase through 

specifically transported to the lumen 
35 the action of the secretory component (13) . 
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However, parenteral immunisation regimens are 
usually ineffective in inducing secretory IgA 
responses. Secretory immunity iB nest often achieved 
through the direct immuniaation of mucoBally-aesociated 

5 lymphoid tiBflues. following their induction at one 

mucosal site, the precursors of IgA-producing plasma 
cells extravaBate and diBseainate to diverBe mucosal 
tissues where final differentiation to high-rate IgA 
synthesis occurs (14,15,16). Extensive atudieB have 

10 demonstrated the foaaibility of mucosal iinmunisation to 

induce this common mucosal immune system (17) , but with 
rare exceptions the large doBes of antigen required to 
achieve effective immunisation have made this approach 
impractical.. for purified vaccina antigens. Among the 

IS strategies investigated to overcome this problem is the 

use of mucosal adjuvants. It ia known that CT is one 
of the most potent adjuvants, and that the co- 
administration of CT with an unrelated antigen results 
in the induction of concurrent circulating and mucosal 

20 antihody responses to that antigen (IB) . Thus, CT can 

act as an adjuvant. . , 

It would be preferable to use ae an adjuvant 
a form of the CT belotoxin that has reduced toxicity so 
as to reduce the undeBirable symptoms of diarrhea 

25 caused by wild-type CT. Thus, there is a need to 

identify a mutant CT holotoxin which is able to enhance 
the immune response while reducing the toxicity of the 
CT holotoxin. 

' Accordingly, it is an object of this 
invention !to utilise a mutant form of the CT holotoxin 
that has reduced toxicity compared to a wild- type CT as 
35 an adjuvant in an antigenic composition to enhance the 
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immune response In a vertebrate host to a selected 
antigen from a pathogenic bacterid, virue, fungus or 
parasite. 

these objects of the invention are achieved 
with a Mutant cholera holotoxin featuring a point 
station at amino acid « of the A subunit. wherein the 
glutamic acid residue is replaced hy an amino acid 
other than aspartie acid. In a particular embodiment 
at this invention, the amino acid 29 is hietidine. The 
mutated CT (Ho referred to as CT-CRM) is. useful as an 
adjuvant in an antigenic compoaition to enhance the 
Immune response in a vertebrate host to a eelected 
antigen from a pathogenic bacterium, virus, fungus or 
parasite. The mutant CT is produced by aita-directed 
mutagenesis of the DMA encoding the wild-type CT using 
conventional techniques. The antigenic composition may 
further comprise a diluent or carrier. 

The invention is also directed to methods for 
ineraaaing the ability of an antigenic composition 
containing a selected antigen from a pathogenic 
bacterium, virus, fungus or parasite to elicit the 
immune response of a vertebrate host by including an 
effective adjuventing amount of a mutant cholera 
holotoxin, wherein the holotcain has reduced toxicity 
compared to a wild-type CT and the glutamic acid at 
amino acid position 29 of the A subunit of the cholera 
holotoxin is replaced by an amino acid other than 
aspartic acid, in particular a histidine. 

The invention further relates to plasmidB 
containing isolated and purified DMA sequences 
comprising DNA sequences which encode an immunogenic 
mutant cholera holotoxin having a substitution other 
than aepertic acid for the glutamic acid at position 29 
of the A subunit of the cholera holotoxin. and wherein 
such a PNA aequenca is operatively linked to en 
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arabinoBe inducible promoter, as wU as to suitable 
Host calla transformed, transduced or transfected with 
such plaemids. The immunogenic mutant cholera 
holotoxin Is produced by transforming, transducing or 
transfecting a boat cell with a plasinid described above 
and culturing the host cell under conditions which 
permit the expression of «aid recombinant immunogenic 
detoxified protein by the host cell. 
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Figure 1 depicts the capacity of CI-CBMs to 
bind gangliooide Gm\. Baeh CT-CRM was diluted three- 
fold at an initial concentration of 3 ug/ml and tested 
in duplicate. The binding capaaity was expressed as 
the mean absorbance at 410 am for each dilution. 

Figure 2 depicts the reduction in naeal 
golonisation in mean l»cg„ ofu per nose in mioe 
immunised intranasally (n = 10 per groupl with 
meningococcal recombinant pilin (rpiliaj with or 
without CT-CRM„ SB adjuvant, or non-immunised mice, 
where each group was then challenged with the 
homologous meningococcal bacterial strain. 

Figure 3 depiots the reduction in naeal 
2S colonization in mean Log 10 c£u per nose in mice 

immunised intranasally (n = 5 per group) with 
meningococcal rpilin with or without CT-CRM^ 
adjuvant, meningococcal class 1 outer membrane protein 
(For A) with CT-CRMa,* Adjuvant, XUB with CT-CRKa,,, 
adjuvant, or non-immunised mice, where each group was 
then challenged with the homologoue meningococcal 

bacterial strain. 

Figure 4 depiots the reduction in nasal 
oolonisation in mean Log„ ofu of meningococcal strain 



23. Aug. 2000 15:58 



NO. DUDd r. 01 



PCT/US99/12320 

WO 00/18434 



- 6 



•70237 per nose in mice immunised intranasal^ (n - 10 
per .group) with meningoeoooal rpilin, PorA from 
meningococcal strain H355, PorA from meningococcal 
strain 870227. boat- inactivated meningococcal strao* 
5 870227 whole cells or KM. eaoh adjuvanted with Cr- 

CRW where each group was then challenged with a 
heterologous meningococcal bacterial strain (870227) . 

Figure 5 depicts the reduction in nasal 
colonisation in mean Log xo efu of meningococcal strain 
10 870227 per nose in mice immunised aubcutaneoucly (n = 

10 per group) with PorA from meningococcal strain H3S5 
with OV-OOfa. or KPL- adjuvant. *LH with **L~ 
adjuvant, or heat- inactivated meningococcal strain 
870227 whole cells with JM" adjuvant, where each 
15 gxoup was then challenged with a heterologous 

meningococcal bacterial strain (870227). 

figure 6 depicts a first ausay of the 
antigen-dependent cytolytic activity to respiratory 
eyncytial virus (RSV) -inf acted target cells as the. 
20 percentage of cell lysis versus effector: target ratio. 

Figure 7 depicts a first assay of the 
protection of mouse lung to REV challenge by 
i^unization with F protein plus adjuvant, where the 
lung virus titer is measured as Log„ PFu P«r gram. 
25 Figure 8 depicts a second assay of the 

antigen-dependent cytolytic activity to RfiV-infected 
target cells as the percentage of cell lyeie versus 
effector i target ratio. 

Figure 9 depicts a second assay of the 
30 protection of mouse lung to Iff challenge by 

immunisation with » protein plus adjuvant, where the 
lung virus titer is measured as Log u PFO per gram. 

Figure 10 depicts rotavirus-specifio serum 
antibody responses in BALB/c mise immunised 
35 intranasals with 2/6-VLPfl with or without Cx-CRM™ 
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adjuvant. BALB/c mice were immunised intranasal* with 
a/6-VWe with <n=4> or without (n=5) CT-C**™ «* 
levels of rotavirue-apecific Zflfl (Figure MM, J* 
(Figure 10B) and IgA («■«• "« were measured. 
Standard deviations are show. 

Figure 11 depicts rotavirus-specifxc serum 

halb/c inbred mioe immunised with 
antibody responses in BALB/c 

2/6-VLPs. Groups of BALB/c mice were immunised, orally 
(square. intranasal* (diamond. «*E) or in 

combination (intranasal plus oral, circle, a-4) . with 

2/6.VLPS plus CT-CRK™ - ™* 0 « d *' 
wore collected from individual mice in each group on 
wek s shown, and levels of serum IgO (Figure 1UI . XgM 
(Figure 119) and igA (Figure HO were determined for 
each mouse by BLJSA. Geometric mean titers (OB) were 
calculated for each group and plotted against weeXs 

post-i»auniaation. 

Figure 12 depicts igOl and IgG2a antibody 
eubclasses in BALB/c mice. Pre- challenge sera of 
aRLB/c mioe damunissd orally or IK. with rotavirus 2/6- 
virus-liks particles (VLFs) plus ci-OVW 
to determine igG subclasses. Standard deviations are 

ehown. . 

Figure 13 depicts rotavirus- speoxfie 

intestinal antibody responses in inbred BAL8/e mioe 
iamuni-ed with 2/6-VLPs. Groups of BALB/c mice were 
immunised with 2/6-VLPs plus Cf-CHfc,,. as described for 
Figure 11, end levels of rotavirus- specif io intestinal 
IgA (Figure ISA) and IgO (Figure 13B) were measured. 
No rotavirus-specifie intestinal igM was detected in 
any jniac • 

Figure 14 depicts pretention of 2/6-VLP 
i^iaed BALB/c and CD-I mice following challenge with 
murine rotavirus. Figure 14A depicts a eomparieon of 
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percent reduction in antigen shedding («*B) between 
£oe fcrnnuni-** with a/6-H*. with <n=5, or without 

CT-C»W for each mous- (.) and the mean 

/ i «*r« calculated. Figure 1*B depicts 
of each group (-) were calculate* 

«oups of BALB/c mice immunised with 2/6-V** plus CT 
CRMjjjh *Y different routee ae shown, and P"« ction 
were deterged a. described above ? W 
depicts groups of outbred CD-I inured with 2/6- 

**• plus CT-CMW orally and intranasal* as 
described above. On wsek 26, immunised and 
La were challenged and calculated ae 
above, xn the oral group (n-4) . one mouse died before 
challenge (n«3 for protection) . 

SataUsfl BgacrApMsi; nf rh P B2ga£AsS 

The utility of mutant forma o£ CT as 
adjuvants for antigenic editions is described 
herein. A set of mutant CT clones (CT-CBMs) ia* -11 
^ generated. The data indicat e that the CT-CBM with 
Verier adjuvanting properties is the mutant with a 
ZLervative amino acid substitution (glutamic acid 
to hiStidine) at position 29 in the a eubunxt <CT- 
OHW . The cumulative data demonstrate that CT- 
CKW * a holotomiu and is less toxic than wild-type 
CT. importantly. CT-CRM^ is able to augment mucosal 
and systemic Immune responses following either 
^agastric (10) or intranasal (**> administration of 
derate vaccine antigens. Tbese vaccine antigens are 
£roB either bacterial or viral pathogens, Kesults in 
the murine models of Helicobacter felis. rotavirus and 
respiratory syncytial virus (RBV, infection ^cate 
that the immune responses facilitated by intragastric 
or intranasal immunisation with a CT-CRWPrepared 
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vaccine are proteotive. The data indicate that CT- 

Wfe. ie ^ least a, active as an adjuvant as vild- 

™ CX. Even in the presence of pre-existing anti-CT 

mm nvu is able to serve aa a 
immune response*, CT-CRMrjjh 1B 

mucosal, adjuvant. 

The mutant CT-A retained it- ability to 
BBBe mble with CT-B to form a holotoxin that resembled 
wild-type CT in its adjuvanticity, but exhibited 
reduced toxicity compared to a wild-type CX. The B 
BU bunitB may have their native sequence or may 
themselves be mutated. 

The resulting reduced level of toxicity 
provides an altered CT for use as an adjuvant. Xhe 
isogenic mutant CT according to the present 
ZZ ti Z exhibits a balance of reduced toxicity and 
trained adjuvanticity, such that the protein functions 
Z an adjuvant while being tolerated safely by the 
vertebrate host immunised with the antigenic 

Gomposition- 

The antigenic compositions of the present 

invention modulate the immune response by ^^J*« 
vertebrate boat's antibody reaponae and oell-mediated 
immunity after administration of an antigenic 
composition comprising a selected antigen from a 
pyogenic bacterium, virus, fungus or paraexte and an 
effective adjuvanting amount of a mutant CT, where the 
CT has reduced toxicity compared to a wild- type CT and 
the glutamic acid at position 2* of the A subunit of 
the cholera holotoxin is replaced by an amino acid 
other than aepartie acid. In a particular embodiment 
of this invention, the amino acid 29 is bietidine. 

Aa used herein, the term -the holotoxin has 
reduced toxicity- means that the CT-CRM mutant, such as 
the CT-CWW mutant, exhibits a substantially lower 
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toxicity per unit of purified toxin protein wared to 
the wild-type CM, which enables the mutant to be ueed 
as on adjuvant in an antigenic composition without 
causing significant side effects. 

Xs used Herein, the term "effective 
adjuvants omounf means a dose o£ the CT-CSM nuteut, 
euch as the CT-CRM^a mutant, which la suitable to 
elicit, an increased immune response in a vertebrate 
host. The particular dosage will depend upon the age. 
weight and medical condition of the host, as well as on 
the method of administration. Suitable dosea arc 
readily determined by persons skilled in the ext. 

Five CT-CSMS were generated as described in 
Example 1, below wi*h the following mutation* in, the h , 

• ■ i ■ r y 

is subuni^ . l4tvil v r • •• 

^na. ' Mujaafc abbrev i ation 

arginine 

arginine ly«^« CT-CMW 

glutaaicJaci'd histidine CT-CRJW 

glutamic acid aspartie acid CT-CBK^u, 



10 



is 



7 

• 11 
lio 



I , 112 glutamic acid aspartie acid CT-CSKsna,, 

The pheuotypio effects of these mutations on structure 
25 and function of C* were then eases sod. 

xke variant CT-VS R7K, E29K, E110D and HUD 
were able to assemble into isnmmoreaetive holotoxin as 
determine* by a ganglioside a* binding aeeay (Figure 
1, . However, a portion of purified R11K did not appear 
30 to We a holotoxin when tested with the polyclonal 

antibodies described in Example 2. 

Each holotoxin variant was tested in a Y-l 
adrenal tumor ceil «e«ey tt» to determine it- residual 
toxicity eoBpared.to wild-type CT holotoxin.' She 
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results presented in Table 2 demonstrated that CT- 
crm^jk and oatfaaeroial CT-B (Sigma) had 1*2% residual 
toxicity. The 1.2% residual toxicity associated with 
commercial CT-B was most likely due to contaminating A 
5 aubunifc (approximately 0.5%). The residual toxicity of 

the remaining CT-CKMs with mutations at amino acid 
positions 7, 11, 110, or 112 were leas than or equal to 
0.4%. 

CT-CRM MWI was tested in the patent mouse gut 

10 weight assay (20) to estimate intestinal fluid 

acc umul ation as an in vivo measure of toxicity. The 
results presented In Table 3 demonstrated that CT- 
CRW»m was significantly lees active in stimulating an 
increase in fluid accumulation into the intestinal 

IS tract of mica than was wild-type CT. 

Each CT-CRM was also compared to CT in an 
ADF-ribosyl transferase activity assay. The results 
were generally in agreement with those generated in the 
Y-l adrenal cell assay and suggested that mutation in 

20 the XI subunit resulted in diminished ADP- 

ribosyl transferase activity by the various CT-CfiMa when 
compared to wild- type CT (Table 4) . The mutant with 
the largest enayme activity appeared to be CT-CRM a25B . 
This activity was approximately 10% that of wild- type 

25 CT« 

Trypsinization at 37 °C of Cr-dW^^ caused 
cleavage of CT-A into fragments Al and W in a manner 
indistinguishable from treatment of wild- type CT baaed 
on Western blot analyses. This provides further 
30 evidence that the structure of CT-CRH^ 9 i is similar to 

that of Wild- type CT. 

' The apparent differences in activity of CT- 
CXMMgH 1x1 the Y-l adrenal tumor cell and ADP- 
riboaViation activity assays are due to trypsin 
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activation of the mutant holo toxin in the latter assay. 
Thus, the lack of CT-A, cleavage into Al and A2 aubunits 
due to the reduced proteaae aotivity in B. eoli 
contributes to the attenuation of the B. coli -expressed 
CT-CHM^aOT. Collectively, the accumulated data show 
that CT-CWfefia i« » holotoxin that binds to ganglioside 
GMi and is signif ioantly iasa toxic than wild- type CT. 

A series o£ studies wad conducted to evaluate 
the efficacy of CT-GRM^jh as a mucosal adjuvant for 
compositions containing bacterial or viral antigens 
which nave been identified as vaccine candidates as 
follows: (1) Hontypahle Haemophilus influenxae (OTHi) 
recombinant P4 protein, also taown as protein "e" (rP4) 
(21), raociffiftlnant NTHi P6 protein (rP6) {22) , and 
15 purified native'Kaemophilus influeusae adherence and 

penetration (Ha£> 8 ) protein (23); (2) Helicobacter 
pylori recombinant tiraaBe protein (rUreaae) (24); (3) 
Neiaeeria menin^it idis Group B recombinant^ class 1 
pilin (25)' and ifelsBeria meningitidis Group B class 1 
20 outer membrane ^protein . (26) ; (4) Respiratory syncytial 

virus purified native fusion protein (RBV Fl (27); and 
(5) 2/6-viru0-like particles of rotavirus ,(28) . 

: qT-CRM^,,, . was compared, to four , other CT 
mutants and wild-type CT as> an adjuvant for the NTHi 
rP4 and rP6 proteins. The results indicated that the 
five different CT-CRMa augmented the capacity of rP4 
and rPff proteins to : elicit systemic humoral immune 
responses (Tales' ifi: and . . For. example, two weeks 
after tertiary W immunisation jthe ,anti- : rP4 ^IgG 
antibody titers! , of nice immunised with<rP4i a^d *P6 
proteins^ forkUl'ateA ; with : either M-CRM^M br .cr-aw^o 
werev40 tibses ^eater that of mice immunised -witb the 
recombinant proteins in PBS alone (Table 3) . » -The 
antibody Jtiteta ;-.ofi .ttice admiuiatered the recombinant 



as 



30 



23. Aug. 2000 16:02 



i 

No. 5068 P. 68 



WO 00/18434 PCT/US99/21320 



13 



proteins plus wild-type CT holotoxin ware elevated 20- 
fold. The anti-rP4 antibody titers of mice immunised 
with the CT-CRM^j were elevated 10 -fold. 

Even wore dramatic differences were observed 
5 When the sera were examined for anti-native P6 antibody 

titera (Table 6) . Two weeks after secondary JN 
immunisation the aertim anti-native Pfi antibody titers 
of mice immunised with either the CT-CWf M3H or CT- 
CBMgxiQD formulated vaccines were more than 30 times 

10 greater than that of mice iaununiaed with rPS plus PBS. 

la comparison, the vaccine prepared with wild- type CT 
elicited anti-native P6 antibody titers that were 90 
times greater than that generated by the PBS prepared 
fi«BUlafclfafc?n ^he 'anti-nativfi P6 antibody titers of 

15 aiba iimwhiaedi with either:^ °* 

CT-CRMiiuc preparations were okly two to four times 
greater than that of recipients immunised with r?4 plus 
r&6 formulated with PBS alone . 

- kn examination of the protein- Specific 

20 antibodies in the mucosal secretions two freeks after 

tertiary immunisation further indicated that the CT- 
CRMe facilitated the generation of locals immune 
responses a&ainat the rP4 protein. Moreover, i the enti- 
le antibody titers were comparable to those induced by 

25 wild-type CT (Table 7), JCocal antibody titers were not 

detected againat native P6 protein (data not shown) . 
ThusVi th^ Satai whea taken together suggested that the 
most propitious; mutant CTs for generating both systemic 
and local antibody responses against rP4. and rP6 

30 proteins were the CT-CWte which contained a; mutation at 

either position 29 or 110. . 

An additional study wae i performed, to conf irm 
the potential of CT-CWW rtBK as an: adjuvant - and determine 
the appropriate dose for IN immunisation . (Table 8). 
, • ; J. - : . ■. 
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The results indicated that 1 ug of CT-CM^ JJB 
facilitated the greatest systemic and looal humoral 
Immune responses against r*4 protein. When the dose of 
CT-CBMgMH was increased from 1 to 10 or 30 ug per dose, 
the data suggested that both systemic and mucosal 
immune responses were diminished. For example, the 
serum anti-P4 Ig« antibody titers of mice immunised 
with 10 ug CT-CRMbj,,, was one-seventh that of mice 
immunised with the 1 Ug CT-CMJm,, on day 48 of the 
study (Tabls 8) . Moreover, the local anti-P4 IgA 
antibody titers from the bronchoalveolar and vaginal 
wash fluids of the former group were one- thirty- fourth 
and one-sixteenth that of the latter group of mice on 
day 49. The data Indicated that the local and systemic 
15 humoral immune responses of mice immunised with rB4 

plUB rSe/CS-QSXatn wera essentially identical to those 
attained after immunisation with the wild- type CT 
adjuvanted vaccina (Tahle 8). 

The effect of the addition of CT-CRM^^ on 
the serum antibody responses elicited by immunisation 
with the Bap 8 protein was examined. Addition of CT- 
CRMhmi helped induce a serum antibody response to the 
Hap e protein (Table 9). The immune response was seen 
in week 7 sera; no antibody titers were detected in 
earlier sera. The anti-Bap, ELISA titers of the sera 
obtained from immunised mice are shown in Table 8. The 
responses increased in a dose dependent manner and ware 
augmented approximately three- fold by addditioa of 0.1 
fig of CT-CEKmjh- This augmentation occurred at both 

30 dosage levels. 

The potential of the five dif fersnfc CT-CSMs 
to augment systemic and local humoral immune responses 
after intragastric (IC) immunization with the rUrease 
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protein of H. pylori waa aaseeBed uaing a mouae model 
(25) . The results were similar to those obtained with 
the HTBi proteina after intranasal administration. The 
data indicated that CT-CRH„ SB was the mutant with the 
most potential for augmenting systemic and local 
humoral immune responses after IG immunisation. The 
geometric mean eerum anti-rUrease IgO (Table 10) and 
IgA (Table 11) antibody titers elicited by the CT- 
CRMgasH formulated vaccine were six and three times 
greater, respectively, than those induced by CT-CRM.^ 
on day 28 of the study, furthermore, the serum IgO and 
IgA, antibody titers elicited by the CT-CMnn 
formulated vaccine weri equivalent to that generated by 
the vaccine containing wild- type CT. 

Host importantly, JO immuniaation with the 
rurease formulated with CT-CHMjaM appeared to generate 
the greatest local humoral immune responses (Table 12) . 
This wae most evident after the examination of the 
hronchoalveolar wash fluids. The anti-rUrease IgA 
antibody titers in the broaohoalveolar wash fluids were 
five times greater than that elicited by the CT-CRM nl0B 
prepared vaoeine. In comparison to the wild- type CT 
formulation, the anti-rVreaee IgA antibody titere were 
et one-fifth the level. However, the protein-specific 
IgA antibody titers in the vaginal wash fluids of the 
group immunised with the CT-CRHa,,, formulated vaccine 
were essentially equivalent to those elicited by the 
wild- type CT prepared vaccine (Table 12) . 

It was noteworthy that the data imply that 
parenteral immunisation did not elicit remarkable 
rtrrease-specifio IgA antibodies in the hronchoalveolar 
wash fluids when compared to those elicited in mice 
immunised 10 with ths CT-CRM^ prepared vaccine (Table 
12). 
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Therefore, a second etudy was conducted to 
tent the efficacy of tha Immune reoponses generated by 
rUreasa formulated with CT-CMW *»■ **** suggest 
that CT-CHM^jg is as potent as wild-type CT in 
supporting the induction of protective immune responses 
against K. felis (Table 13) . The serum anti-rO*aaae 
IgA antibody titers of the former group were equivalent 
to those of the latter group of mice on day 28 of the 
otudy. The proteln-apecific IgA antibody titers In the 
aere of mice parenterally immunized with rtJreafle plus 
Btimulon™ QS-21 were 12 times greater than those of 
mice immunised 10 with the CT-CBM„ M prepared vaccine. 
However, the protein- specif ic IgA antibody titers in 
the bronohoalveolar wash fluids of mice immunised with 
15 CT-CBM^sa ware more than ten times greater than those 

of parenterally immunised mice (Table 13) . 

The results auggested a correlation between 
Its immunisation and tha ability of mice to clear H. 
fells from the stomach tissue. Ten days after the last 
20 challenge, 60% of the of mice immunised 10 with 

vaccines formulated with either CT or CT-CRM^,,, were 
able to clear urease -containing bacteria from the 
stomach tissues. In contrast, naive control aice 
(10%) . mioe immunised 10 with rOreese plUB PBS alone 
25 (20%) , or mice immunised subcutaneouBly with rtlrease 

adaized with Stimulon™ QS-21 (30%) appeared to have 
lesB ability to eradicate a. fella (Table 13) . It was 
noteworthy that tha data did not suggest a relationship 
between efficacy and protein^epecific IgA antibody 
30 titers in the bronohoalveolar wash fluids. The 
protein- specif ie IgA antibody titers in the 
bronchoalveblar wash fluids of mice immunised 10 with 
rUreaee plus wild- type CT ware one- tenth thoBe of mioe 
immunized with CT-CBM,,,,, (Table 13) . Yet 80% 
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protection wb achieved with either vaooine. Thus, 
monitoring local humoral immune reepoauea in the 
pulmonary tissues may have little relevance to 
protective immune responses that occur in the stomach. 

It baa been suggested by Dr. Jani O'Rourke 
(University of New South Wales, perBoaal communication) 
that C57B1/6 mice, unlike BAlB/c mice, experience 
disease similar to that observed In humans a£ter 
infection with H. pylori. To test the efficacy of the 
anti-rUrease immune responaes facilitated by CX-CaMu^ 
to clear H. pylori from the gastric tissuee, a separate 
series of studies were initiated using C5781/6 mice. 
The results euggested that 10 immunisation with rUrease 
formulated with CT-CRM,,,,, generated syatemic and local 
humoral immune responses that were similar to those 
elicited by rurease formulated with wild-type CT (Table 
14) . The serum and bronehoalveolar and vaginal wash 
fluid anti-TUrease IgA antibody titers of mice 
immunized with either wild-type CT or d-CRM^-m 
prepared vaccines on day 28 of the atudy were 
indistinguishable. The only disparities were the IgA 
antibody titers detected in extracts of the feeal 
pelletB from the mice immunised with the CT-CBMgjjH 
prepared vaccine (Table 14). which were three times 
25 greater. It was noteworthy that the protein-specific 

IgA antibody titers in the feeea of mice parenteral^ 
immunised with rTJroase plus alum were substantially 
lower than those of mice 10 immunised with either wild- 
type CT or CT-CRM^ formulations (one thirty-eighth 
and one-fourteenth, respectively) . thus, the C57B1/6 
mouse model appeared capable of assesaiag the capacity 
of CT-CRM.,98 to adjuvant immune responses generated 
after 10 immunisation. Moreover, the data indicated 
ehat the model was capable of defining the roles of 
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looal and systemic immune responses in protecting 
mucosal suxfaceB from H. pylori. 

It has been reported that CT is 
oontraindicated as an adjuvant for mucosal immune 
responses (30,31). The hypothesis was that CT 
predisposed vaccines to elicit heightened IgE antibody 
titers, which are undesirable. IgE is associated with 
hypersensitivity and allergic reactions. It vras 
further implied that the heat-labile toxin of B. coli 
(&t) . or LT-CBKb, had less potential to eliait 
heightened IgE antibody titere. Hence, the eonolueion 
was that LT or LT-CRKs are more appropriate vaccine 
adjuvants fox the generation of mucosal immune 
responses. To test this hypothesis, vaccines composed 
of rtfrease were formulated with either CT, IT, or CT- 
cbm.jjm and tested in C57B1/6 mice for their ability to 
elicit IgE antibodies after 10 Immunisation (Table 15) . 
The data suggested that vaccines prepared with either 
CT-CRM M „ or wild-type CT were less likely than wild- 
type LT to generate total or urease- specific IgE 
antibodies in the circulation. Indeed, the implication 
was that vaccinea formulated with CT-CBM^jb were less 
likely to generate elevated IgE antibody titera. Both 
the endpoint total and the rUreaBe-specifiC IgE 
antibody titers were one-fourth those of mioe issnuoised 
with the vaccine prepared with wild- type LT (Table 15) . 
Thus, theee data suggest that, at least in a rUrease 
formulation, CT-CKM^ S „ is preferred over LT as an 
adjuvant. 

without being bound by theory, the mechanism 
of LT activity recently proposed by van den Akker et 
al. (32) presents a more likely explanation for the 
reduced toxicity of CT variants altered in or around 
229. After cleavage of the disulfide loop and 
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reduction of the disulfide bond linking domains Al and 
A2, the loop consisting of reaiduea 30-33 in the Al 
domain ifl proposed to change position as a oonseqaeace 
of movement of the long helix of domain A2 . 
5 Substitutions fox B29 may alter the behavior of loop 

30-33, resulting in decreased activation of CT-A1. A 
potential explanation for the reduced toxicity of CX- 
Y3QWAH and CT-G34GQP may also be explained by effaeta 
on the 30-33 loop that are detrimental to activation of 

10 CT-Al. The next atep in the propoaed activation 

pathway is movement of the entire 35-36 loop, which 
disrupts interactions between R3S and V55. CT-R25G 
showed a reduction in toxicity to a greater extent than 
CT-R25W, possibly because the side cbaina of B25 and 

15 Y55 participate in hydrophobic intaractions, which may 

be retained by CT-R2SW but not CT-R25G. The phenotypea 
of our variants are consistent with the model for 
activation of heat-labile cnterotoxins propoeed by van 

den Akfcer et al. (32) . 
20 a series of experiments was conducted to 

evaluate the efficacy of CT-CFM, aM as a mucosal and 
parenteral adjuvant for two vaccine candidates from 
jfeiaseria, meningitidis Group B. The first candidate 
was a recombinant class 1 pilin (rpilin) (25) . The 
25 second candidate was a class 1 outer membrane protein 

(PorA) expreseed by a mutant meningococcal strain that 
did not express the class 2/3 protein (26) . 

A mucosal adjuvant effect was shown in a 
firBt experiment, in that rpilin- specific serum Igfl 
30 antibodies ware enhanced in CT-CRM,^ added groups, 

ranging from 3 to 19-fold increases in comparison to 
the titers obtained in mica receiving rpilin in aaline 
(Table 16) . Speoifi ic serum IgA also increased 2 to 5- 
fold in the mice immuniaed with rpilin delivered in CT- 
35 CRM» SR (at both 0 .1 and 1. 0 fig) - It is noteworthy that 
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CT-CRKb 29H (1 ug) increased rpilin-speoific IgA 3 to 10- 
fald ill the nasal, vaginal, and bronohoalveolar washes. 
Furthermore, IN immunisation with rpilin plua CT-GRM^gji 
significantly reduced nasal colonisation by the Group B 
5 tf. meningitidis homologous strain to the level of 

detection in Bwiss-Webotsr mice (Figure 2) . 

A second experiment was conducted to 
demonstrate that Cr-CRM^* enhanced protection of 
rpilin against a homologous meningococcal strain. As 

10 shown in Table 17, sera IgQ titers of moningoooaoal B 

whole cell KLISA were increased in the rpilin plua CT- 
crm m»h 9*°"° at ls&st four- fold oompared to the 
homologous strain, as well as to heterologous strains 
PAM1B and M982 in comparison to the titers from mice 

15 receiving rpilin alone. As a control, mice immunised 

with KLH plus CT-CRM^ja did not induce Bera I S G ^ 
whole cell E&ISA to any of the strains tested. In 
Table 18, rpilin-speoific XgO and IgA antibodies were 
substantially increased in the rpilin plus cr-CRM^ 

20 group, as compared to the unadjuvanted group. 

Moreover, CT-CWmhr aa a mucosal adjuvant for rpilin 
protected mice against nasal colonisation by the 
homologous Group B meningococcal strain (Figure 3) . 

Next, the immunogenicity of PorA plus MS 

25 C8M m8 in IN immunization was demonstrated. The group 

receiving PorA adjuvanted with CT-CiW M9fl generated 
increased serum igG antibodies to N. meningitidis 
K44/75 whole cells and generated 7 and 14-fold higher 
PorA-specific antibodies oompared to the unadjuvanted 

30 PorA group (Table 19) . However, serum IgA antibodies 

to PorA H44/76 were not detectable. There were also no 
PorA-specific antibodies detected in any of the mucosal 
secretion samples collected (Table 19) • 



23. Aug. 2000 16:05 



No. 5068 P. 76 



WO 00/18434 PCT/U599/2JS20 



10 



30 



21 



A fourth experiment was conducted to 
demonstrate that CT-CSM fa ,„ enhanced protection by 
either rpilin or PorA against a heterologous 
meningococcal strain. The data, particularly from 
Table 20, indicate that IN administration of claBS 1 
rpilin or PorA delivered with CT-CSM^ not only 
elicited high aerum antibody titeru to antigens and 
meningococcal whole eella, but alao protected Bwies- 
Webster mice against nasal colonisation by a 
heterologous strain of group B W. aieningifcidia. 
Specifically, CT-CHM^jh enhanced serum antibody response 
to class 1 rpilin as compared to that of the 
uaadjuvantad group. Similarly, the adjuvanted class 1 
rpilin group provided enhanced nasal clearance of the 
15 bacteria. 

Next, the ability of CT-CRMbisb to aerve 
adjuvant for meningococcal parenteral immunisation was 
examined. As shown in Figure 5, PorA H355 adjuvanted 
with either HPL W or CT-CHM^ J9M significantly reduced 
30 nasal colonisation of Group 8 maningocoecal 

haterologous strain 870227. In particular, mice 
immunised subcutaneously with PorA H355 plus CX-CRM*,,,, 
had even significantly fewer colonieB than the PorA 
H355 plus MPI."" group in the noBe 24 hours post- 
25 challenge. Howevor, bactericidal activities were 

detected in the sera only from the PorA and the heat 
killed whole cell adjuvanted with MPL™ immunised groups 
respectively (Table 22) , but not from the PorA plus CT- 
CHMubh group. Even though PorA adjuvanted with CT- 
CRMsasB did not elicit homologous bactericidal 
activities similar to that of MPL* adjuvant, it was 
highly efficacious in reducing the colonisation by a 
heterologous Group B meningococcal strain. 
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The capacity of CT-CKM,,,,, to augment systemic 
and muaosal immune responseo against respiratory 
syncytial virus (Rev) glycoproteins was examined using 
the purified native fusion (F) protein, tn addition, 
5 the impact of pre-exiating anti-CT antibodies on the 

potency of CT~CR»; m as an adjuvant was investigated. 
The resulto demonstrated that BALB/c mice immunised IN 
with F protein adjuvanted with either CT or CT-CRKg,,,, 
generated syetemic and local anti-CT IgO and IgA 

10 antibody titers (Table 23) . Moreover, the data 

indicated that the antibody titers generated by the 
formulation containing CT-CRMa,,, were equivalent to 
those elicited by the formulation containing wild- type 
CT. For example, 10 days after secondary immunisation 

15 with F protein/CT-CRM^sa (1 ug per dose) , the serum 

anti-CT IgA and IgQ antibody titers were only slightly 
lower than those of mice immunised with F pro to in /CT (1 
ug per dose) . Similar results were aleo obtained 
after examination of the vaginal wash fluids from mice 

20 immunised with F protein prepared with either 1 or 10 

ug CT-CSMdm (Table 23) , The data therefore suggested 
that CT-CSligjjB was as immunogenic as wild-type CT. 

The question of whether anti-CT immune 
responses could adversely affect the immunogenicity of 

25 the F antigen was addressed in a second experiment 

where BALB/c mice were primed firBt by two IN 
administrations with either wild-type CT or CT-CSM^m, 
in PBS alone (Table 24) . Thereafter, the appropriate 
mice were immunised twice : with F protein admixed with 

30 either wildrtype CT or CT-CBM^. An examination of 

the eera collected two weeks after the last 
administration (day 55) indicated that pre-exiating 
anti-CT antibodies did not have a negative impact on 
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the level o£ local or systemic anti-F protein XgA and 
IgG antibodies. Indeed, the data indicated that pro- 
existing anti-CT antibodies were beneficial for the 
generation of an augmented anti-F protein antibody 

S response. This was moat evident when the anti-P 

protein antibody titers elicited at mucosal surfaces 
were compared (Table 24) '. Two weeks after secondary 
immunisation, the anti-F protein IgA antibody titers in 
the bronchoalvaolar and vaginal wash fluids of mice 

10 primed first with CT-CRM,,„„ and then immunised with F 

protein/CT-CRM^sB were 7 and 17 times greater, 
reopectively. than that of naive miee immunised solely 
with F protein/CT-CRKnaw, (Table 24) . 

• In a third experiment, eyetemie end mucosal 
.15 immune responses of BA&B/e mice immunised IN with RSV F 

protein and CT-CRM,,,,,, CT-B or alum were assessed. 
Table 25 eets forth the humoral immune responses of 
sera collected nine days post-tertiary immunisation. 
Kiee that had received immunisations containing F 

20 protein and either 1 or 10 Ug of cr-CRM^,,, (groups 777 

and 778. respectively) displayed significantly elevated 
titers for IgG, XgCH. and IgG2a when compared to miee 
immunised with F/PBB, F/AlOH or RSV (groups 7B4, 7B5 
and 907, respectively). In addition, the titers 

25 generated by vaccines containing F/CT-CRMmjj, (777 and 

778) ware at least equivalent to those stimulated by F 
protein and CTB (77S and 780) . 

Bronchoalveoiar lavage fluids, vaginal and 
nasal washes were collected from the immunised animals 

30 one week post- final immunisation in order to perform 

IgG and IgA antibody EL IS As. The data, set forth in 
Table 2fi, show, titers from pools of five mice. Mice 
immunised with CT-CRKa,,, elicited detectable IgA in 
both vaginal and nasal washes (groups 777 and 778) . 
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IgA was not seen in SAM derived from mice immunised 
with CT-CRMja,, and this represented a contrast to that 
seen in the BAL of RSV immunised mice (group 907) and 
F/CTB immunised mioe (780). IgG was seen in all 
5 muooeal washes including that from the BAL. The levels 

of IgO seen in the washes from CT-CRM S1W immunised mice 
were comparable to those obtained by immunising with 
COT (groups 779 and 780) and live RBV. 

In a fourth experiment, the cytolytic (CTL) 
10 activity elicited by in vitro stimulated spleen cells 

derived from immuniBed mice was assessed. The data are 
presented in Figure 6. Whereas RSV-immuniBed mioa 
showed antigen- specific cell lysiB of approximately 
60%, the CTI. activity of aaoh of the remaining mice 
15 remained less than 20%. Thus, whereas CT-CRMjj^ was 

able to induce both systemic and mucosal humoral immune 
responses to RSV ff protein (Tables 25 and 26) , ° ell- 
media ted immune responses to RSV- infected target cells 
were not observed. 
20 in a fifth experiment, viral protection 

assays were performed in order to investigate whether 
the intranasal delivery of ff/CT-CRM„ SB facilitates 
protection against live RSV challenge. The data are 
presented in Figure 7. 

25 

Statistical analysis by AHOVA of the results depicted 
in Figure 7 in as follows t 

p < 0,05: F/PBS versus F/CT-CRMhjh (1 US* and 10 Ug CT- 
30 CRKsj W ) , F/CTB (1 ug and 10 Ug) , F/A10K. 



p > 0.05: FBS/CT-CHM„ M versus F/PB8 
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p > 0.05: F/CT-CSKgjjK (1 ug and 10 yg CT-CM^^J 
versus F/CTB (1 ug and 10 jig) versus F/AloH. 

Mice that received DJ vaccines containing 

S r/rr-CRHxjjK or F/CTB had lung viral titer e comparable 

to thoee achieved in nice immunised intramuscularly 
with F/AIOH (p>0,05J. Furthermore, intranasal 
iawniaation with F/CT-CRK JHS „ waa aeen to reduce lung 
virua titers by Log,, 1.6 and Log J0 1.4 compared to IN 
10 iawunisation with F/PBS or PBS/ cr-GSM^,,, 

respectively. The differeacea between F/CT-CBHmbh and 
f/pbs or PBB/CT-CRMrtja were found to be statistically 
significant (p<0, 05). 

In a aixth experiment, systemic and mucosal 

15 immune responses of BALB/e mice immunised IN with XSV F 

protein and CT-CBKgj,,, or alum were assessed. Table 27 
eets forth the humoral immune responses of sera 
collected two weeks pest- tertiary immunisation. Mice 
that received immunisations containing F protein and 1 

20 yg of CT-CBM^H (group 256) displayed significantly 

elevated titers for IgC, IgSl and XgG2a when compared 
to mice immunised with F/PBS or PBS/CT-CRMs„h (g*oups 
250 and 257, respectively). No significant differences 
were observed in the IgOl titers between mice immunised 

25 with f/cT-CKMhuh (256) and F/AIOH (256) . However, IN 

immunisation with f/CT-CRMjbw (256) elicited 
significantly elevated lgC2a titers compared to those 
seen by immunization with F/AIOH (259) . Collectively, 
these result*' are in agreement with those presented in 

30 Table 25 / Whereas serum IgA was detected in groups of 

mice receiving F/CT-CBIW the titers were much lower 
than previously obaerved <16,202±2,031 for group 777 
end 444±i f 458 for group a56) . The reasons for the 
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apparent difference are not clear. Nevertheless, the 
ability of P/CT-CRMnjK delivered IN to induce serum Is* 
is consistent in both etudieB and contrasts favorably 
with the capacity of F/A10H in this regard. 

5 Bronohoalveolar lavage fluids, vaginal and 

nasal waBhee were oollected from the immunised animals 
two weeks post- final immunisation in order to perform 
IgO and IgA antibody ELISXe. The data, net fortb in 
Table 28, ehow titers from pools of five mice. Similar 
10 to the reeulte ahowa in Table 26, mice immunieed with 

CT-CFMgaj,, elicited detectable IgA in both vaginal and 
nasal washee (group 256) . Again similar to the data 
presented in Table 26, IgA was not seen in BALa derived 
from mice immunised with d-CRM^. However, Igfl was 

IS seen in all of the mucosal waBhee including that from 

the BMi. The levels of IgG observed in the washes from 
F/CT-CWW- immunised mice were at least comparable to 
those obtained by immunising with live RBV (Table 2B, 
groups 2S6 versus 259) . 

20 *" ta a seventh experiment, the cytolytic (CTL) 

activity elicited by in vitro atimulated spleen cells 
derived from immunised mice wae aeeeBBed. The data are 
presented in Figure B. Whereas RSV-immunised miea 
ahowed antigen-specific cell lysis of approximately 

25 45%, the CTL activity of each of the remaining mice 

remained less than 1Q%. The data oonfirm the inability 
of IN immunization with F/M-CRM^,,, to induce a cell- 
mediated immune defense mechanism against RflV-iuf ected 
target cells in the eplenic lymphocyte population. 

30 This confirms the previous observation (Figure 0) . 

la an eighth experiment, additional viral 
protection assays were performed in order to 
investigate whether the IN delivery of F/CT-CSM«m 
facilitates protection against live RSV ohallenge. 
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Statistical analysis by ANOVA of the results depicted 
Iji Figure 9 is as follows i 

p < 0.05: F/PBS versus F/CT-CRWg„ K , F/AlOH, RSV. 
p < 0.05 « Naive versus F/CT-CRM,,,,,, F/AlOH, RSV. 
p > 0.05s F/CT-CRM S3SB versus F/AlOR, RSV. 

Similar to the results depicted in Figure 7, 
mice that received IN vaccineB containing F/CT-CBM^a 
controlled virus replication la the limgs to an extent 
which was statistically comparable (p > 0.05) to that 
achieved in mice immunized intramuscularly with F/A10H 
15 or IN with live RSV (Log„ 1.B7 versuB Iiog„ 1-S9 and 

Log„ 1.94, respectively) . IN Immunisation with F/PBfl 
(first bar) , or unimmunised mice (naive) displayed lung 
viral titers of Log 10 4.5 and Log ao 4.3, respectively. 
Furthermore, these groups had lung virus titers that 
were found to be statistically elevated (p < 0.05) when 
compared to the virus titers obtained from mice 
immunised with F/CT-CRKg,,,,, F/AlOH or live RSV. 
Therefore, the data support the conclusion that IN 
instillation of F/CT-CRM*,,,, protects against infectious 

25 RSV challenge. 

In a ninth experiment, the anti-F serum 
antibody response was assessed. The results snowed 
that anti-F protein IgQ was significantly increased in 
mica immunised with F/CT-CRM^ (0.1 or 1.0 ug) 
compared to those given F protein delivered in PBS 
alone (Table 25). In addition. F protein adjuvanted 
with either 0.1 or 1.0 ug CT-aot,, Ma was at least as 
effective as either F/AlOH (intramuscular) or 
experimental infection with RSV in stimulating anti-F 
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protein rgO responses. The magnitude of the anti-F 
protein antibody titers was dependent on the dose of 
CT-cbm^m, in the formulation, such that titers were 
aignifieantly greater in mice that received 1.0 Ug CT- 
5 bnfe w versus 0.01 Jig. In comparison to V/VBB. both 

anti-F protein IgOl and igQ2a titere were augmented 
with either 0.1 or 1.0 Ug CT-CBMgjjg. CT-caMsasK 
stimulated both type 1 and type 2 immune compartments. 
Significantly higher serum anti-F protein igA responses 
10 were stimulated by IN immunisation with F/CT-CTWjam 

(0.1 or 1.0 Ug) compared to experimental infection 
with RSV. In contrast, aerum IgA. anti-F protein 
antibodies were not observed in reeponse to F/PBS (IN) 
or the parenteral administration of F/A108 (Table 29). 

Anti-CT titers also followed a dose-dependent 
pattern eonaiatant with the anti-F protein titers 
(Table 29) . Statistically equivalent anti-CT titere 
were observed in aera obtained from mice immunised with 
either CT-CRHgaw (1.0 ug) °r F/GT-CHlIgjjg (1.0 ug) . 
However, these titere were significantly elevated 
compared to F/CT-CKMaj, (0.1 or 0.01 ug) . In addition, 
the anti-CT titers in sera of mice immunised with F/CT- 
CBMsjSH (o.l ug) were atatiatically heightened compared 
to titers from mice immunised with F/CT-CRM^j,, (0.01 
ug) - Therefore, the adjuvant effect of CT-CRM.aw 
anti-F protein antibody responses is correlated (r *> 
0.97) with the antibody responee to the mutant cholera 
hoi o toxin. 

in this ninth experiment, mucosal immunity 
was also asaeased. Mucosal IgA was obaerved only in 
pooled nasal washes (Nff) from mice immunised with 
either F/CT-CEMbjw, d-0 ug: or F/CT-crm„„, (0.1 ug) 
(Table 30) . In addition, mice that received IN 
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Immunisations containing purified F protein and CT- 
c9Kfan (0.01 to 1.0 ug) also had anti-F protein IgA in 
vaginal waahefl (V«) . F protein-specific igO was 
observed in the bronchoalveolar lavage (BAZi) • VW and/or 
5 jw of mice that received F/CT-CJW,,,^ (0.1 and 1.0 Jig), 

or F/AlOH. in contrast, . anti-F protein IgA waa not 
detected in mice immunized IM with F/AlOK. 

in a tenth experiment, functional immunity in 
aice immunised with F protein formulated with CT-CRMb 2W 
10 was asaeeaed. In the presence of complement. 

statistically heightened anti-RSV neutralising 
antibodies were detected in the sera of mice that had 
received F protein and either 0.1 or 1.0 M of CT- 
CRM Mia . F/A10H or RSV A2, compared to the 
15 administration of F/PBS or CT-CRM^,, alone (Table 31) - 

In the absence of complement, no detectable 
neutralising titers were observed in any of the groups 
(log M < 1.3) . Conaiatent with tha serum and mucosal 
eutibody data (Tables 29 and 30) , immunization with 
20 F/CT-C1UW <0.01 ug) was not sufficient to generate 

anti-RSV neutralising antibodies. 

in an eleventh experiment, immunised mice 
were challenged two weeks after tertiary immunization, 
in order to determine the ability of F/CT-CKM^ to 
25 protect against subsequent infection. The results 

demonstrate that mice immunised with F/CT-CSM g „„ (0.1 
or 1.0 ug) were protected (Table 32). In comparison 
to naive mice, or those immunised with F/PBS or CT- 
CRM, J9K alone, the lungs of mice immunised with F 
30 protein and either 0.1 or 1.0 Jig CT-CRH^a had 

significantly reduced virus levels. In addition, 
significantly reduced virus levels were observed in the 
nasal tieeuea of mice immunised with F/CT-CRH,,,^ (0.1 
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a P 4 1.0 \ig) compared to non-immunized naive mica or 
those immunized with F/PBS. In contrast, mica 
immunized parenterally with F/AiOH displayed reduced 
viral titers in lung tiesus compared to F/PBfl immunised 
5 mice, but no eignif icant reduction in nasal tissue. 

Overall, the ZM administration of F/ CT-CRM^asK f 0 * 1 or 
1,0 Jig) was sufficient to generate both local and 
systemic humoral immune responses that may have 
contributed to the protection of respiratory tissue 

10 against subsequent live RSV challenge. 

The data presented in Example 10 have 
illustrated a viable approach to the development of an 
IK vaocine for RSV F protein. The data indicate that 
the production of both humoral and mucosal XgO and IgA 

15 is stimulated by the IN delivery of F/GT-CRMg^. That 

the antibody titers observed were significant is 
demonstrated in two ways* First, each of the humoral 
and mucosal antibody titers that were analysed in mice 
immunised with P/CT^CRM^,,, were qualitatively similar 

20 and quantitatively elevated compared to mice immunised 

with F/PBS. second, the elevated titera are translated 
into a biologically relevant immune response, ae 
indicated by the observed level of protection displayed 
in Figures 7 and 9. Immunization with F/CT-CKKgjm 

25 significantly enhanced protection against live RSV 

challenge compared to immunisation with F/PBS or 

pbS/CT-CRKb^b- 

Collectively, the data suggest a mechanism 

involving the neutralisation of infectious virue by 
30 either mucosal or humoral immunoglobulins, that aro 

stimulated in response to the IN immunization protocol 
containing F/CT-CRM aasa . 

Mice were immunised with another viral 
antigen, rotavirus, in the form of recombinantly- 
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expressed VP 2 and VP 6 proteins. Recombinant 
baculovirue vector* expressing SAll rotavirus VP2 and 
VP 6 were constructed ae described previously (38), it 
ie known that reeombinantiy-expreBBed rotavirus 
5 structural proteins aelf-asaeeble into particles that 

are morphogenically indistinguishable fro* virions. 
The proteins so expressed oo-iBBembled inte 2/6-virue- 

like partioles (VtiPe) . 

inbred BALB/c mice with a homogeneous genetic 

10 background were used, anticipating chat they all would 

be responsive to Immunisation and thu 8 clarify the 
profile of B yate»ic and mucosal immunoglobulins to VX.Pa 
alone and when combined with CT-CSH^n adjuvant. 
Genetically heterogeneous outbred CD-I mice were alao 

1B used to determine the effect of genetic diversity on 

the factors involved in inducticn of immunity and 

protection. 

Sera of all immunised BALB/c and CD-I mice, 
except for two unresponsive orally immunised CD-I mice, 
20 contained antibodies to both VP2 and VPS. Pre- 

knmuniration sera as well as sera of unimmunised alee 
detected no' viral antigen in mock and or VP2-6 
baculovirue infected cells. 2/6-VX.P immunised sera or 
mAba specific for VP6 and VP2 exposed to uninfected 
26 cells also demonstrated no reactivity (data not shown) . 

immunogenics of 2/«-VM was also confirmed by Western 
blot analysis using pre- challenged and immunised serum 
from each mouse against 2/6-VLP as well as SAll strain 
of rotavirus (data not shown) . 
30 Patterns of rotavirus- epecific serum Ig<3, IgM 

and IgA in the group immunised IN with 2/6-VWb alone 
W re similar to those in the group immunised with 2/6- 
VLPs and CT-CHU 8a ,H l^ 6 10J ' However, week 13 
levels of tha three serum antibody isotypes were 
35 aignificantly higher in the animals receiving 2/6-VLPB 
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together with CT-CRM*,* (Figure «) (P-0, P=0.004, and 
P = 0.02 for IgO, IffK respectively) . This 

indicated that a-OBfe. had significantly enhanoed 
humoral responses to l/MHN. Week 13 was selected aa 
5 indioative of antibody levels generated following two 

innuniBationa hut prior to challenge. 

As Bhown in Figure 11A. BALB/c mice given 
VLPs IS produced a greater rotevlrua specific systemic 
IgO response than those immunized orally. 
10 Statiatically significant differences in eerum IgG 

titere between the two groups were evident at 13 weeks 
(P*0> . Similarly, serum IgM levels were higher ia the 
IN group as opposed to the oral group when pre- 
chailenge (week 13) values were analysed <P-0> (Figure 
15 11B) . Serum IgM levels peaked by week 2 and decreased 

by week 4 in the IN and mixed groupB, whereas in the 
oral group, low but relatively constant levels of serum 
IgM were detected throughout the study. Peak serum IgA 
in orally and IN immunised animals occurred on week 4. 
20 No significant differences in serum IgA levels 

difltinguiehed the three experimental groups when 
examined at week 13 (Figure lie) . Overall, IK 
immunisation generated higher levels of systemic IgO 
and Igtt responeee than oral immunisation. Induction of 
35 signifieantly high levels of IgG and IgM in the IN 

group support the concept that IN immunisation may be 
the preferred route for administration of future 
vaccine candidates (33) , Thus, IN immunisation leading 
to strong systemic neutralising responses could be 
30 effective againat viral pathogens that penetrate 

mucosal barriers. 

Both IgOl and ig02a were found in the serum 
of the IN and the orally immunised BALB/c mice (Figure 
12) . The IN group had statistically signif iaantly 
35 higher levels of both IgO subclaeeeB compared to the 
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oral group (xgOL, P-O.005I lgG2a, P-0.05). However, 
there were no significant differences between 
Bubclassee within each group. These data confirm the 
utility of IN immunisation for effective induction of 

5 both T-helpar pathways (TH-l and TH-2) . 

The peak level of fecal IgA for all three 
experimental groups occurred four weeks after the first 
inmiuniaation (Figure 13A) , coinciding temporally with 
the time at which serum IgA levele were maximal in 

LO orally and IN immunised animals (Figure UC> . Mo 

etatietically significant differences were found among 
the three immunization protocols when the pra-challenge 
fecal IgA levels were examined (Figure 13A) . Fecal IgO 
also was maximal on weak 4 (Figure 13B) , however, the 

15 in group had aignificantly more IgO on week 13 compared 

to oral or mixed groups <P=0 and P-0.002, 
respectively). In general, ail 2/G-VLP immunised mice 
produced serum IgO, IgM »d IgA, as well as fecal IgO 
and IffA. No fecal IgM was detected in any of the 

20 animals. . M . . 

All CP-1 »ice receiving 2/6-Vi,p8 IN (n-4) and 

two of four mice immunised orally produced rotavirue- 

specif io antibody responses (data not shown) . To 

determine the profile of antibody responses more 

25 precisely, serum and fecal samples were analysed weekly 

for 26 weeks. The induction pattern of serum and fecal 
antibodies in CD-I mice was similar to that in the 
BAliB/o mice (Figures 11 and 13) . 

In jsALB/c mice, two IN immunisations with 

30 2/6-VLPs and CT-CEN™. proved protective (PRAS-98.7%) , 

in contrast to IN immunisation with 2/6-VLPs alone 
(PSAfla39%) (P-0.007) (Figure 14A). The mixed 
immunisation, IN followed by oral immunisation, 
protected mice to an extent similar to oral and IN 

35 groups, indicating that in BALB/e mice mixed 
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immunisation was also affective. This demonstrated the 
Bigntfleant augmentation in protective i«wne reaponaee 
due to er-C!UW BALB/c mioe in all three 
immunisation groups showed nearly complete proteotion 
s from the challenge. PBAS was 99.6%, 98.8% and 98.8% 

for the oral, IH and the mixed groupB, respectively 
(Figure 14b) . The unimmuniaed control group shed 
eignificantly more viral antigen than the throe 
immunised groups (P-D) . There ware no significant 
10 differences between PKAB values for the three immunised 

groups . 

IN immunisation induced both systemic and 
mucosal responses in all immunised CD-I mice and 
protected these animals (PKAS-97.9%) (Figure 14C) . 
15 Only two of four orally immunised CD-I mice Showed 

B ystemic and mucosal antibody responses and protection 
(2 of 3. PRAS 65.8%) (Figure 14C) ; in contrast, alX 
orally immunised BALB/e mice, ehowed mucosal and 
systemic responses and were protected. Kotably, the 
ao CD-I mouse that did not produce an immune response was 

not protected from infection, whereas immune-responsive 
mice were protected (Figure 14C) . One mouse in the 
oral group, with no antibody response to immunisation, 
died prior to the challenge. Two CD-I aice were used 
2S as controls to reduce the number of samples in the 

analysis of antibody responses. However, statistical 
analysis clearly ehowed that the protection results 
were significant (B=0, at 95% confidence level) . The 
oral immunisation experiment was repeated with CD-I 
30 mice under the same conditions, except that animals 

were challenged on week 13 rather than 26. Using four 
mioe in the immunised groups and five mice as controls, 
a similar proteotion level was observed <PBAS=71.2%) 
(data not shown) . Taken together, these results 
3S support those recently published by 0 Neal et al. 
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(34,35). suggesting that la CD-I mioe intranasal 
immunisation is more effective than oral immunisation. 

In view o£ this demonstrated utility of CT- 
CRMaj,, as a vaccine adjuvant, production of suitable 
quantities of thin material is desirable. Using 
p riB29H (described In Example 1) . several attempts wore 
made to express CT-CHMh,,, in S.eoll. The reeulting 
yield of purified CT-CRM^j,, holotoxln was approximately 
50Ug per liter of culture medium. Initial attempts to 
increase cr-CRm^,, yield via modifications to the 
original plasmid, pIIB2SH, to create plasmid pFX2492 
(see Example 1) . showed little or no effect. A 
moderate increaea in yield was achieved through co- 
expression of pllB29H, and derivatives, with Vibrio 
choleras DsbA and S. eoli RpoK. Co-expression and 
purification modifications inoreaded the yield of CT- 
CSWaaja to approximately 2 mg per liter. 

In order to increase the expression of CT- 
CRMgasH' tne inducible promoter was replaced 

with an arabinose inducible promoter (Invitrogen 
Corporation. Carlsbad, CA) , which was oparatively 
linked to the DMA sequence encoding CT-CB%, SB , During 
cloning it was determined that plaamid pIIB29H 
contained a ctxA gene from Vibrio choleras strain 569B, 
25 linked to a ctxB gene from V.c. atrain 212S. Cross 

alignment of these genes indicated seven bass 
substitutions between the two ctxB genes and a single 
base change between the ctxA genes. Several of these 
base substitutions led to amino acid changes in the 
mature eubunits. Of special note is the substitution 
between the ctxA genes which leads to an amino acid ' 
change within the A.-2 portion, or the holotoxin 
assembly domain of the A subunit. It was not known 
whether the heterogeneity between these genes had a 
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negative impact on toxin expreseion or holotoxin 
assembly; however, it waa thought preferable from en 
evolutionary standpoint that both toxin eubunit gene, 
originate from the same source. As such, both the etxA 
5 and ctxB genes uaed in the construction of the 

arabinoae inducible system originated from Vibrio 
eholerae strain 569B. The construction of plaemid 
PPX7490 ie described in Example 12. Production of CT- 
CHMgjjg from P PX7490 ie approximately 30 mg of purified 
10 material per liter of culture. 

The invention further relatao to plasmids 
eontaining ieolated and purified DNA sequences 
comprising DNA eequenoee which encode an immunogenic 
mutant cholera holotoxin having a substitution other 
15 than aapartic acid for the glutamic acid at poeition 29 

of the A eubunit of the cholera holotoxin, and wharein 
such a DNA sequence ie operatively linked to an 
arabinoee inducible promoter, as well as to suitable 
host cells transformed, transduced or transacted with 
20 such plasmids by conventional techniques. 

A variety of host cell-plasmid vector systems 
are used to express the immunogenic mutant oholara 
holotoxin. The vector system, which preferably 
includes the arabinose inducible promoter, is 
a5 compatible with the host cell used. Suitable host 

cells include bacteria transformed with, plasmid DMA. 
oosmid DNA or bacteriophage DMA; viruses such as 
vaccinia virus and adenovirus; yeast ouch as Pichia 
cells; insect cells such as Sf9 or flfai cells; or 
30 mammalian cell lines such as Chinese hamster ovary 

cells; ae well as other conventional organisms. 

A variety of conventional transcriptional and 
tranelational elements can be used for the host cell- 
vector system. The DNA encoding the CT-C8M is inserted 
35 i* to an expression system,- and the promoter (preferably 
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the arabiuofle inducible promoter) and other control 
elements are ligated into epecific sitee within the 
vector, flo that when the plasmid vector is ineerted 
into a host cell (by transformation, traduction or 
S tranefection, depending on the host cell-vector eyetem 

uaed), the DMA encoding the CT-CBM iB expressed by the 
host oell. 

The immunogenic mutant cholera holotoxin iB 
produced by transforming, transducing or transecting a 
10 hoat cell with a plasmid described above and culturing 

the host cell under conditions which permit the 
expression of aaid recombinant immunogenic detoxified 
protein by the host oell. 

Although this invention ia exemplified by a 
15 CT-CBM mutant having a hietidine at amino acid 29. 

other nonconservative mutatioue of the wild-type 
glutamic acid reaidue are also within the acope of thifl 
invention, Olutamic acid ia an acidic (negatively 
charged) molecule. Therefore, a nonconservative 
20 mutation will be one in which a aubatitution is made to 

an amino acid other than aspartic acid, which is also 
an acidic molecule. Suitable alternative amino acids 
include the amino acids lysine and arginine which, lxke 
hietidine, are baeic (positively charged) molecules. 
a5 Suitable alternative amino acids further include the 

amino acide with nonpolar functional groups BUoh as 
alanine, isoleucine, leucine, methionine, 
phenylalanine, proline, tryptophan and valine, and the 
amino acida with uncharged polar functional groups such 
30 ae asparagine, cysteine, glutamine. glycine, serine, 

threonine and tyrosine. 

An effective amount of the mutant cholera 
holotoxin. wherein the holotoxin hae reduced toxicity 
oompared to a wild-type cholera holotoxin and hae a 
35 cubstitution other than aepartio acid for the glutamic 
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add at position 29 of the A subunit of the cholera 
holotoxin, in combination with a Delected antigen from 
a patthogenie bacterium, virus, fungue or parasite, is 
used to prepare an antigenic composition, wherein said 
5 holotoxin enhances the immune response in a vertebrace 

host to said antigen. 

The antigenic compositions of this invention 
also comprise CT-CRM containing at least one additional 
mutation at a position other than at amino acid residue 
10 29. international application ^OjV132^«) . which 

is hereby incorporated by reference, describes a series 
of autatione in the A subunit Which serve to reduce the 
toxicity of the cholera holotoxin. These mutations 
include making substitutions for the arginine at amino 
15 acid 7, the aspartic acid at position 9, the arginine 

at position 11, the histidine at position. 44, the 
valine at position 53, the arginine at poiiition 54, the 
serine at poeition fil, the serine at position 63, the 
histidine at position 70, the valine at position 97, 
20 the tyrosine at position 104, the proline at position 

106, the histidine at position 107, the glutamic acid 
at position 110, the glutamic acid at position 112, the 
serine at position 114, the tryptophan at position 127, 
the arginine at poeition 146 and the arginine at 
25 position 192. The nucleotide sequence encoding the A 

subunit of the cholera holotoxin is set forth in 
international application KO 93/13202. International 
applicatioajrojA/42115, (37) which ie hereby 
incorporated by reference, describes making a 
30 substitution for the serine at amino acidJM in the A 

subunit, which serves to reduce the toxicity of the 
cholera holotoxin. Therefore, uaing conventional 
techniquee, mutations at one or more of these 
additional positions are generated. 



23. Aug. 2000 16:13 



No. 5068 P. 94 



PCT/US99/20S20 

WO 00/18434 



39 



The antigenic compositiona of this invention 
ore administered to a human or non-human vertebrate by 
a variety of routee. including, but not limited to. 
intranasal, oral, vaginal, rectal, parenteral, 
5 intradermal, transdermal (see, e.g., International 

application WO 9B/20734. (38) , which ia hereby 
incorporated by reference) , intramuscular, 
intraperitoneal, aubcutaneoua, intravenous and 
intraarterial. The amount of the antigen component or 
10 components of the antigenic composition will vary 

depending upon the identity of the antigen, as well ae 
upon the age, weight and medical condition of the hoet, 
ae well ae on the method of administration. Again, 
suitable dosea are readily determined by persona 
15 skilled in the art. It is preferable, although not 

required, that the antigen and the mutant CT be 
administered at the same time. The number of dosea and 
the dosage regimen for the antigenic composition are 
also readily determined by persona skilled in the ait. 
20 Protection may be conferred by a single doBe of the 

antigenic composition, or may require the 
administration of several doaea, in addition to booster 
doses at later, times to maintain protection. In aorne 
inetancee. the adjuvant property of the mutant CT may 
3fi reduce the number of dosea. needed or the time course of 

the dosage regimen. 

The antigenic compoeitiona of this invention 
may comprise further adjuvants in addition to CT- 
CBKaasH. Examples of such adjuvants include, but are 
30 not limited to. Stimulon™ QB-21 (Aquila 

Biopharmaoeuticals, Inc., Framiugham. MA) , WW.™ O-O- 
deaoylated »onophoaphoryl lipid Aj RIBI ImmunoChem 
Research, inc., Hamilton. MT) , aluminum phosphate, 
aluminum hydroxide and 11,-12 (Oenetioe Inatitute, 
35 Cambridge, MA). The antigenic compositiona may also b- 
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mixed with immunologically acceptable diluents cr 
carriers in a conventional Banner. 

The immunogenic mutant cholera holotoxxn of 
thifl invention ie suitable for use as an adjuvant in 
antigenic compositions containing a wide variety of 
antigens from a wide variety of pathogenic 
microorganisms, including but not limited to those from 
bacteria, viruses fungi or parasitic microorganism* 
which infect humane and non-human vertebrates. The 
antigen may comprise a whole cell or virus, or one or 
acre aaecharidea, proteins, protein subunita or 
fragments, poly- or oligonucleotides, or other 
macromolecular components. If desir e d, the antigenic 
compoaitione may contain more than one antigen from the 
same or different pathogenic microorganisms . 

Deairable bacterial vaccinas including the 
CT-CRM mutants ae an adjuvant include those directed 
to the prevention and/or treatment of diaeaee caused 
by without limitation, Haemophilus influenzae (both 
typable and nontypable), iTaamophilue soman*. Jteramella 
catarrhal!*, Streptococcus pneumoniae, Streptococcus 
pyogenes. Streptococcus agalacfciae. Streptococcus 
feecalie, Helicobacter pylori. Neisseria meningitidis, 
Neisseria gonorrhoeae, Chlamydia trachomatis. Chlamydia 
pneumoniae. Chlamydia psittaci, Bordetella pertussis, 
salmonella typhi, Salmonella typhimurium. Salmonella 
choleraesuis, Sacherlchi* coli. Shigella, Vibrio 
cholerae, Corynebacterium diphthsriae, Mycobacterium 
tuberculosis, ^bacterium avium- Mycobacterium 
intracellular complex. Proteus mlrahtlls, Proteus 
vulgaris, staphylococcus aureus. Clostridium tetani. 
Leptospira interrogane, Borrelia burgdorferi. 
Pasfceurella heemolytica, Pasteurella multocida, 
Actinobacillus pleuropneumoniae and Mycoplasma 
35 gallieepticuoi. 
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Desirable viral vaccines including the CT-CSM 
B utants as an adjuvant include those directed to the 
prevention and/or treatment of disease caused by, 
without limitation. Respiratory eyneytial virus, 
5 Bareinfluenia virus typsfl 1-3, Influence virus. Herpee 

aiaoilex virus, Hunan cytomegalovirus, Human 
immunodeficiency virus, Hepatitis A virus. Hepatitis B 
virus, Hepatitis C virus, Human papillomavirus, 
poliovirua, rotavirus, caliciviruses, Measles virus, 
10 Mu»ps virus, Rubella virus, adenovirus, rabies virus, 

canine distemper virus, coronavirua, parvovirus, 
infectious rbinotracheitis viruses, feline leukemia 
virus, feline Infectious peritonitis virus, avian 
infectious, bursal disease virus. Newcastle .disease 
15 virus, Marek'e disease virus, porcine respiratory and 

reproductive syndrome virus, equine arteritis virus and 
various Encephalitis viruses,. 

Desirable vaccines against fungal pathogens 
including the CT-CBK mutants as an adjuvant include 
20 those directed to the prevention and/or treatment of 

disease Caused by, without limitation, Aspergillis, 
Blastomyces 1 . Candida. Ceccidiedes, Cryptococcus and 

Histoplasaa. 

Desirable vaccines against parasites 

25 including the CT-CBK mutants as an adjuvant include 

those directed to the ..prevention and/or treatment of 

disease cauaed by, without limitation, Leishmania 

*ajor. Ascaris, Xrichuris. Giardia, Scnisfcpeoma , 

Cryptosporidium, Trichomonas, Toxoplasma gondii and 

30 Pneumocystis earinii. 

■ :\ The CT-CBMnatantS are also suitable for 
inclusion as an adjuvant in polynucleotide vaccines 
(also taiown as DHa vaccines) ..: .Such vaccines may 
further [include: facilitating, agents such as bupivicaine 
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(see U.S. Patent Number 5,593,372 (39), which itf hereby 
incorporated by reference) . 

CT-CRKjjga waa compared to wild- type CT aa an 
adjuvant for the administration of plasmid SNA (pDKA) 
5 encoding the full length glycoprotein D of herpes 

simplex virus (HfiVJ type 2 (gM) , formulated with 
bupivicaine (40) . The results indicated that BALB/o 
mice which received CX-CRM^ along with pDNA vaccine 
for HSV-2 by the intradermal route generated a higher 

10 average cellular response than those that received pDHA 

HSV gD2 vaooine by itself by the intradermal route 
(Table 34) • In addition, the average antibody response 
in serum for mice which received the pDNA HSV gD2 
vaccine along with CT-CRM aa9n was approximately at the 

15 same level as that Been for mice which received the 

pENA hbv gD2 vaccine without adjuvant (Table 35) . 

Similarly, the pDNA HSV gn2 vaccine generatad 
a gD2-speoific antibody response in vaginal wash 
samples at levels that were comparable to those seen 

20 following the delivery of non-adjuvanted vaccine by 

intradermal or intramuscular routes (Table 36) • 

Mice immunized with the pDNA HSV gD2 vaccine 
adjuvanted with Cr-CR*^ or CT azw * delivered by the 
intradermal route generated substantially higher levels 

25 of gamma interferon than mice which received the pPNA 

HSV-gca vaccine without adjuvant (Table 37) . Mice 
which received the CT-CBM^,, also generated IL-5. 

Thus, CT-CHH^ja enhanced proliferative and 
gamma interferon responses when administered with a 

30 plasmid DKA vaccine against HSV* 

In order that this invention may be better 
understood, the following examples are set forth. The 
examples are for the purpose of illustration only and 
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are not to be construed ae limiting the scope of the 
invention* 

5 

Example, 1 
nypsggBion C T Mutantfl 

Ba cterial strains, plasmids and growth conflAfcfa na 

10 

B. coli TGl (Amerflham- Pharmacia Biotech, 
Piecataway, NJ) , and TX1, a nalidixic acid-resistant 
derivative of TGI, carrying FTc,lacI Q from XLl blue 
(Stratagene, LaJolla, CA; (41)) and CJ236 (FTc, laol*) 

15 (Bio-Rad, Hercules, CA) were used as hosts for cloning 

recombinant plasmide and axpresaion of mutated 
proteins. Plasmid- containing strains were maintained 
on LB agar plates with antibiotics as required 
(awpicillin, 50 jag/ml; kanamyain 25 pg/ml; tetracycline 

20 10 fig/ml) . A complete CT operon from 7- cJiolerae 03 9B 

was eubclaned into the phagemid vector pSKXl", under 
the control of the lac promoter, to create the IPXO 
inducible plasmid designated pMOJ67 (42). 

25 Mutagenesis of QtxA gene 

The method of Kunltel (43) was used to select 
for oligonucleotide-aerived mutants created in plaamid 
pMOJ67. The oligonucleotides used to generate the five 
30 mutant Ct-GRMn are described in Table 1. 



35 
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Table 1 

Sequence of Oligonucleotides Introduced into cfcxA 



Substitution 


Oligonucleotide Sequence 


R7K 


AAaTXATATA&GGCAGATTC (9*Q ID NO«l) 


R11K 


CAOATTCTA&ACCTCCTG (SEQ ID NO: 2) 


229* ' 


GACAGAGTSAgTXCT'TTQACCG (SEQ ID NO: 3) 


SHOD 


CAGATCA£CAAGAXCmTCTGC (SEQ ID NOt4J 


E112D 


CAOATGASCAAGAKaTrrCTOC (SEQ ID NO: 5) 



Altered bases are underlined; N=any base; K=T or 0. 



1 . • ■ ; 

Briefly, each single- stranded oligonucleotide 
was pboflphorylated and used to direct second strand 
synthesis on a uraeil-containing single-stranded DNA 
10 template rescued from the iff. coll £afc JfflS strain 

CJ236(F # Tc, pMGJ67). Following ligation and 
transformation of una * strain TX1, single -stranded DNA 
was rescued from Amp* trans formants and sequenced by 
the dideoxy chain termination method (44) - 

15 

jflfl yia true t ion a* the PljiBttAfl Fft.flflf^ff M-fiMfrrri! 

The planmid encoding CT-CRMg^a is designated 
PIIB29H. The plaexaid contains -the polycistron of V. 

20 choleras genes cfcxA and ctxB which encode CT. The cfcxA 

gene in this plaamid was mutagenited as described above 
to encode a histidine at amino acid position 29 of CT- 
A. The wild-type polyciatron was also Altered by 
removing the native ToxR inducible promoter and 

25 replacing it with a lactose inducible promoter. 

Furthermore, the regions encoding the cfcxA and ctxB 
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signal sequences were replaced with the signal 
sequence-encoding region of S. coll KC (LTIIb-B leader) 
in order to promote secretion of CT-CRM M(H . The 
plasmid pIIB29H was then modified in an attempt to 
5 increase the expression of CT-CMW The resulting 

plasmid, designated pPX2492, contained synthetic $hine 
Dalgarno sequences upstream cf each o£ ctxa and ctxB. 
The two genes are genetically separated in pPX2492, 
unlike in V, choleras, where the genes overlap. The 
3.0 two genes also have the LTIIb-B leader sequence 

upstream of each. 

x^^Binn of eafeaafc RfcyA alle l e? 

Production of each variant holotoxin wae 
tested in 5 ml cultures of TB medium (45) in 125 ml 
Brlenmeyer flasks at 37 "C with shaking (200 rpm) . 
logarithmic phase cells (A... = 0.8-1.0) were induced by 
the addition of IPTG to 0.4 mM, followed by growth 
20 overnight. Polymyxin B wae added to 1 mg/ml, followed 

by incubation for 10 minutes at 37'C. Cells were 
removed by centrifugation, and the supematants were 
assayed to determine the concentrations of holotoxin 
and B pentamer as described below. 
a5 specifically, the production of CT-CSK nSK in 

S. coli involves the co-expression of the genes rpoH 
from S. coli and dsba from V. choleras. These gene 
products participate in the conformational maturation 
pf both the A and B subunits of CT. 

30 



15 
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g&S ffM*. Btp to A"«T 3foE*°t flolpfcoylq 

The GT-CRMa ware examined in a ganglioside 
5 QM L - dependent solid phase radioimmunoassay (42) to 

determine whether intact holotoxin was present after 
purification* An enaymo- linked immunosorbent assay 
(EXiXEA) was used where ELISA plats microvells were 
coated overnight at 4°c with ganglioside GHj (10 

10 Jig/ml) ♦ Thereafter, the following reagents were added 

in sequence with an interval of one hour incubation at 
room temperature: CT-CHMs (titrated from 3 jig/ml to 
0-00137 iig/al), 100 jil of rabbit anti-CT-A sera 
(1:1,000), and alkaline phosphatase conjugated goat 

15 anti-rabbit antibody (1:2,000). To visualize the 

reaction, 100 \il of p-nitrophenyl phosphate at 1 Jig/ml 
in diethanolamine was added and incubated for 30 
minutes. The reaction was stopped by adding 100 |il o£ 
2 N NaOH and immediately read by a Microelioa 

20 au toreador. When compared to wild- type CT, the data 

indicated that the CP-CRMs with amino acid 
substitutions at positions 7 4 29, 110 , or 112 were 
intact holatoxins (Figure 1) . The results implied, 
however, that a portion of purified CI-Crm^^ did not 

25 appear to be a holo toxin. 

Example 3 

V-l_Adrenal Cell Assay for Residual Toxioitv ox CT-CRMfl 

30 The mutant CT-CRHb were compared several 

jtimek with wild- type holotoxin for toxicity in the 
/ mousy Y-l adrenal tumor cell assay. Y-l adrenal cells 
^-tfctfcc CCL-79) were seeded in S 6 -well flat-bottom plates 
at a concentration of 10 4 calls per wall. Thereafter, 
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three- fold aerial dilutions of CT-CRMb wore added to 
the tumor cells and incubated at 37 °C (5% CO,) for 18 
hours. The cell* were then examined by light 
mlcroddopy for evidence of toxicity (cell rounding) , 

' 5 The endpoint titer was defined as the minimu m 

concentration of toxin required to give greater theja 
50% cell rounding. The percent of residual toxicity ia 
calculated using the endpoint titer of wild- type CT 
divided by the titer elicited by CT-CRM multiplied by 

10 100. Table 2 depicts the residual toxicity of several 

purified mutant holotoxine tested in the Y-l adrenal 
cell apsay. 

Table 2 

15 The toxicity for Y-l adrenal cells 



Y-l Adrenal Call Assay 
CT-CRM % Residual 

Toxicity 



B112D 


0.13 


E112D 


0.13 


mix 


0.04 


R7X 


0.04 


SHOD 


0.13 


E110D 


0.40 


B29B 


1.20 


CT-B 


1.20 


CT 


100.00 



20 
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Example 4 
Patent Mo uhb Out Weictht Assay 



10 



In this aasay, 10 \ig of wild-type CT or CT- 
CRMja^a was administered intragaetrically to each group 
of BALB/c mice (three mice par group) . Intestines were 
removed carefully three hours later and weighed. The 
results are presented in Table 3« Data are presented 
as the mean grut/carcase weight ratio per group. 

Table 3 
Toxicity of CT-CRMsajH 



Assay 


CT 


CT- CKM^ 


PBB 


Mouse Out Weight 
(gut/carcass 
ratio) 


0.13 * 0.01 


0.09 ± 0.01* 


0,06 ± 0.007 



15 



11 p < 0.05 compared to wild-type CT control, p > 0.05 
compared to PBB. 



20 Tho ADP-rihosyltransferafle Assay 

KAD'sagmatine ADP-rihoayl transferase activity 
was measured as the release of [carbonyl- 14 C] 
nicotinamide from radiolabeled NAD* . Briefly, CT and 

25 CT-CZQds were trypsin activated and incubated for 30 

minutes at 30 # C with 50 mM glycine/20 mM dlthiothreitol 
in TEAN buffer (Trie™ /J3>TA/ sodium atide/sodium 
chloride) (pH 8.0). Thereafter # the following 
materials were added to the reaction* 0.1 mg of 

30 soybean trypsin inhibitor, 50 mM potassium phosphate, 

10 mM agmatine, 20 mM dithiothreitol, 10 mM magnesium 
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10 



chloride, 100 |iM GTP, 3 n* dimyrietoylphosphatidyl- 
choline, 0.2% cholate, 0.03 jag of ovalbumin, 100 JIM 
[adanine-TJ~"C]NW3 (DuPont OTN™, Boston, MA) and water 
to a final volume of 300 pi. After inoubation for 90 
minutes at 30° C, 100 |a1 samples were applied to 
columns (0.64 x 5 cm) of AG1-X2 (Bio-Rad) which were 
washed five times with 1.0 ml of distilled/deioniaed 
HaO- Eluatefl containing [ 14 C] ADP-ribosylagmafcine were 
dolleoted for radioaseay. Mean recovery of U C in the 
eluate is expressed as percentage of that applied to 
column* the results are presented in Table 4. 



15 



Table 4 

HAD iAgma tine ADP-Ribosyltransf erase Activity 



Adjuvant 


adp- ribosylagmatine 


% ADP- 




formed 


ribosylation 




(nmol/hr/jig protein) 


activity 


ct, 10 (ig 


57,1 


100 


E29H, 10 pg 


S.7 


11.7 


E110D, 10 jig 


0.4 


0.7 


E112D, 10 jig 


0.5 


1.6 


R7K, 10 Hg 


0.4 


0.7 


RllK, 10 \i$ 


0.4 


0.7 



20 
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The Immune Responses of BALB/c: Mice Immunized with 
Recombinant, (r) F4 and 26 Outer Membrane Proteins of 

Nontvuabla Haemophilus influansae (KTHi) 

5 

in a first experiment, five BALB/a mice per 
group were ianmuniaed intranasally on days 0, 21 and 35 
with a 10 ul dose containing 5 fig rP4 or 10 jig rP6, 
plus 1 Hg of the adjuvant as indicated in Tables 5 and 

10 6 (one group did not receive adjuvant) . The anti-rP4 

IgG antibody titers were determined by EL ISA on pooled 
samples collected at days 0, 21, 35 and 48 and the 
results shown in Table 5. The anti-rP6 igO antibody 
titers were separately determined by E&IflA on pooled 

15 samples collected at days 0, 21, 35 and 48 and the 

results shown in Table 6. The mucosal antibody 
responses to rP4 were also measured two weeks after the 
last immunization (day 49) . Table 7 sets forth the igA 
and IgG titers from nasal, bronchoalveolar and vaginal 

20 washes, respectively. 

In a second experiment, five BALB/c mice per 
group were immunised intranasally on days 0, 21 and 35 
with a 30 \il dose containing 5 |ig rP4 or 10 \ig rP6, 
plus ascending doses o£ Cr-CRM,^ as indicated in Table 

25 8 (other groups each received CT or CT-B; one group 

received no adjuvant) . The serum anti-rP4 IgA and IgG 
antibody titers were determined by ELISA on pooled 
samples collected at days 21, 35 and 48 and the results 
shown in Table 8, The IgA and XgQ titers from 

30 bronchoalveolar and vaginal washes on day 49 were also 

determined and are shown in Table 8. 
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Table 5 

The eyetemio humoral immune responses of BALB/c nice 

* b 
immunised with recombinant P4 and P6 proteins 

formulated with mutant cholera holotoxine 





Serum Anti-Reeombinant P4 IgO Antibody 
Titera 0 


Adjuvant* 


Day 0 


Day 21 


Day 35 


Day 48 


None 


1,157 


1,277 


1,893 


1,968 


CT 


751 


1,657 


17,589 


45,885 


CT-B 


1,111 


1,118 


6.917 


70.578 


E29H 


1,052 


1,539 


11,917 


95,922 


SHOD 


1,243 


1,313 


5,966 


83.058 


E112D 


1,400 


1,520 


9,280 


41,485 


R7K 


2,546 


1,771 


3,311 


40,936 


R11K 


1,289 


1,391 


3,428 


23,631 



a The mice were immunized intranaaally (IN, 10 Ml 
volume) on day a 0, 21 and 35. 



Recombinant P4 and P6 proteins were administered 
at 5 and 10 jig per dose respectively. 
10 c Auti- recombinant p4 IgO antibody titers were . 

determined by ELXSA on pooled samples collected at the 
denoted times* There were 5 mice per group. 

d CT and CT mutants were administered at 1 ug per dose* 
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Table 6 

The systemic humoral immune rota pounce of BALB/c mice 
immunised* with recombinant M and PS proteins* 
formulated with mutant cholera holotoxinB 



Serum Anti-Native P6 XgG Antibody Titers 



. Adjuvant** 


Day 0 


Day 21 


Day 35 


Day 48 


None 


< 100 


< 100 


< 100 


< 100 


CT 


< 100 


< 100 


9,644 


54,821 


CT-B 


< 100 


< 100 


875 


7,399 


E29H 


< 100 


< 100 


3,472 


19,638 


E110D- 


< 100 


< 100 


3,666 


22,415 


E112£) 


< 100 


t < 100 


426 


9,538 


R7K 


< 100 


< 100 


52S 


3,904 


Rll* 


< 100 


< 100 


248 


3,763 



a The mice were immunized iabraaaaally (IN, 10 ul 
volume) on days 0, 21 and 35. 

* Recombinant P4 and P6 proteins were administered 
at 5 and 10 ag per doee respectively. 
10 c Anti- recombinant P6 IgO antibody titers were 

determined by ELISA on pooled samples collected at the 
denoted : times . There were 5 mice per group. 

d CT and CT mutants were administered at 1 pg per 
dose . 



I 
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Table 7 

The mucosal antibody responses of BALB/c mice 
immunized* with recombinant &4 and P6 proteins 
formulated with mutant cholera holotoxina 





Anti -Recombinant P4 Antibody Titers 6 


HW d 


BAW d 






Adjuvant 0 


igA 


IgG 


igA 




IgA 


ig<3 


None 


<: 5 


< 5 


< 5 


< 5 


< 50 


< 50 


CT 


< 5 


< 5 


< 5 


56 


54 


< 50 


CT-B 


< 5 


< 5 


< 5 


99 


< 50 


< SO 


B29H 


< S 


< 5 


< 5 


176 


63 


< 50 


shop 


i 5 


< 5 


< 5 


144 


< 50 


98 


E112B 


11 


< 5 


< 5 


48 


564 


58 




< 5 


< 5 


< 5 


56 


< 90 


< 50 


R11K 


6 


< 5 


< 5 


34 


223 


c SO 



10 



° the nice were immunized intr anas ally (IN, 10 \k\ 
volume) on days 0, 21 and 35. 

b Recombinant P4 and P6 proteins ware administered 
at 5 and ;10 pg per dose respectively. 
c Anti- recombinant P4 igG and IgA antibody titers were 
determined by J2LISA on pooled samples collected 2 weeka 
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after the last immunisation (day 49) - Thare were 5 
»Ace per group - 

d NW, BAW, and VW denote naaal vanh, 
bronchoalveolar wash, and vaginal wash respectively. 
5 8 CT and CT muttantn were administered at 1 per 

dose. 
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fry ample 7 

The Immune Responses of BALB/c Mice Immunised 

5 NTHi strain P860295 (46) was obtained from 

Dr. Charles Brinton. University of Pittsburgh. It was 
obtained from the uaaopharynx of a child with NTHi 
induced otitis media. NTHi strain TN106 (47) was 
obtained from Dr. Eric Hansen. University of Texas 

10 southwestern Medical Center at DallaB. A streptomycin 

resistant mutant of TN106 was derived by selection on 
BBI-XV plates containing 100 fig/al of streptomycin 
(Sigma, St. Louis, MO). This mutant was passaged twice 
in the nasopharynx of Balb/c mice and frosen as strain 

IS TN106.P2. 

The Hap s protein from NTHi Strain P860295 was 
purified as follows. NTHi strain P860295 was grown in 
BHX-XV media for 18 hours at 35 'C with aeration. The 
bacterial cells were pelleted by centrifugation, 10K x 

20 g at 4 8 C, and discarded. The supernatant was brought 

to 60% saturation with solid (NH t ) a S0 4 , held at room 
temperature for 2-3 hours, and the precipitate was 
collected by centrifugation. The precipitate was 
dissolved in 50 mM Bedium phosphate buffer, pH 5.8, 1 

25 mM BDTA, 50 mM NaCl (Buffer 1), and was dialysed at 4»C 

againBt the above buffer. A 10 ml bed volume CM 
Sepharose 11 ' column (Pharmacia, Piseataway, »W> was 
equilibrated with Buffer 1, and 30 ml of the above 
soluble materiel was leaded onto the column at a flow 

30 rate of 1 ml/min. The column was washed with Buffer 1 

until the 0D 1|8 reached baseline. The fall -through 
material was discarded, Bound proteins were eluted from 
the resin using a three step gradient! (1) sodium 
phosphate buffer, pB 7.0, ImM EOT*, SO mtt NaCli (3) 

35 Bodium phosphate buffer, pH 8.0, 1 »M KDTA, 50 mM NaCl, 
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and (3) sodium phosphate buffer, pH 8.0, O.B K NoCl r 1 
mM EDTA. Proteins eluted in each step were pooled and 
saved for analysis. SDS-PAOE (48) analysis of pools 
indicated that the Hap, protein eluted in gradient 
5 steps 2 and 3. These pools contained highly purified 

Hap fl and were oombined. 

Six week old, female Balb/c mice (ten par 
group) were then immunized IN with Hap fl purified from 
HTHi strain P860295. The Hap fl protein wad diluted in 

10 P-PBS to 5 or 15 /ig/40 fll with or without CT-CSM BafB . 

Where uoed, the CT-CtQInm was used at a dosage of 0.1 
/ig/mouee. Control formulations containing CT-CRM^^ in 
D-PBS, D-pbb alone and formalin fixed TK106 ,P2 (the 
NTHi challenge strain) were also administered to the 

15 mice in 40 /il volumes. 

Prior to IN immunisation! mice were 
anesthetized and then immunized by intranasal 
inoculation ofi 20 jil/nofltril * rom a pipette. The 
pipette was held so the tip touched the opening of the 

20 nostril and the formulation was automatically drawn 

into the nostril during breathing. The mice were 
placed in a supine position so noses were not touching 
anything after administration of the formulation or the 
challenge*: The mice were immunised at weeks Q* 1# 3, 

25 and 5, Sera were drawn at week 7. The results are 

shown in Table 9. 



30 
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Table 9 

Systemic humoral immune response in Balb/c mioe 
after intranasal immunization with Hap fl 
admixed with or without CT-CRM, 2SB 

5 



xmmunogen 


Dose 
(M) 


Adjuvant 


Anti-Kap fl IgO 
ELISA 


Hap 


5 




1,604 


Hap 


IS 




5,204 


Hap 


5 


CT-E29H 


4,653 


Hap 


15 


CT-B39H 


15,111 






CT-E29H 


<500 


lxPBfi 






<500 


Formalin Fixed 
TN106.P2 






<SO0 



Example B 

10 The Immune Keaponees of BAbB/c and C57B1/G Mice 

Immunized with the Recombinant (r) urease Protein of 
ffalicobaotflr pylori 

In a first experiment, five BALB/c mice per 
15 group were immunised as follows: Seven groups were 

immunised intragaetrically on days 0, 2, 14 and 16 with 
100 fig rUrease plua 10 Jig of the adjuvant as indicated 
in Tables 10-12* One group was immunised with 10 \ig 
rtTreaae subcutaneously in the rump; another group was 
20 immunised with 10 ug ^Urease euboutaneously in the 

neck; both groups also received 20 ug of Stimulon™ QS- 
21 ae an adjuvant on days 0 and 16. The anti-rUreass 
antibody titers were determined by HLISA on pooled 
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samples collected on day 28. The IffO results are shown 
in Table 10 and the IgA results are ahown in Table 11, 
The mucosal antibody responses to rUrease were alao 
measured on day 29. Table 12 nets forth the IgA and 
5 IgG titers from bronahoalveolar and vaginal washes , 

respectively. 

In a seaond experiment, the ability of 
rUrease plua adjuvant to protect mice against a 
challenge with H. felifl was assessed. Ten BALB/c mice 

10 per group were immunized as follows: Two groups were 

immunised intragastrically on days 0, 2, 14 and IS with 
100 pg rUrease plus 10 pg of the adjuvant as indicated 
in Table 13; a control group received PBS instead of 
rUrease plus 10 \ig of adjuvant. One group was 

15 immunised eubeutaneouoly on days 0 and 16 with 10 Jig 

rUrease plus 20 jig of Stimulon™ QS-21. The anti- 
rUrease antibody titers were determined by ELISA on 
pooled samples collected on day 26. The mice were aleo 
challenged with three doses of 10' H. felis on days 29, 

20 31 and 34 and were assayed for protection On day 44. 

Protection was assessed by the rapid urease teat. In 
the rapid urease test, one-half stomach was incubated 
at 37°C for five hours in 0.5 ml of the urease test 
medium containing 2% of urea and phenol red, a pH 

25 indicator, at 7 fig/ml. Urease activity generate* 

ammonium and bicarbonate from urea, thus raising the pH 
and inducing a colorimetric change of the solution with 
a .higher; abaorbance at 550 nm. The level of urease 
activity was measured by speetrophotometic analysis. 

30 The test was considered positive for H. felifl when the 

mean of the abeorbance values were two standard . 
deviations above that of those obtained for the gastric 
tissues of non- infected mice. The results are shown in 
Table 13. 



i 
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In a third experiment, two group* of C57BL/6 
Slice (five per group) wore immunised intragastrically 
on days 0, 2, 14 and 16 with 100 ug rUroase pluo 10 \xg 
of the adjuvant as indicated in Table 14. A third 
S group was immunised subcutaneously on days 0 and 16 

with 10 ug rtfreaee plus .100 ug alum. A fourth group 
was immunised intragaBtrically on daye 0, 2. 14 and 16 
with 100 yg rUrease, but without adjuvant. The anti- 
rtfrease antibody titers were determined by BLlfiA on 

L0 pooled sauries collected on day 28. Table 14 seta 

forth the IgA and IgQ titers from sera, bronchoalveolar 
wash, fecal pellet extract and vaginal wash, 
respectively. 

In a fourth experiment, five C57BL/6 mioe per 

15 group were immunised as follows a Three groups of mice 

were immunised 10 on days 0, 2, 14 and 16 with 100 |ig 
rtfrease plus 10 Jig of the adjuvant as indicated in 
Table 15; a fourth group received no adjuvant. The 
anti-rtfrease antibody titers were determined by SiiXSA 

20 on pooled samples collected on day 29. The IgA and JgO 

results are shown in Table 15. Table 15 also presents 
the IgB (PCA) and total IgB titers. PCA denotes that 
the ig« antibody titers were determined by the passive 
cutaneous anaphylaxis reaction. The PCA was performed 

25 on female Sprague-Dawley rata. The rats ware sedated 

with ketamine/rylaaine, shaved, and injected 
intradermal^ with 0.1 ml sera (serially diluted four- 
fold) from CS7B1/6 mice immunised with rUreaee 
formulated with either CT, LT, or CT-CBMsa,^ The rats 

30 were sedated 48 to 60 hours later and then injected 

(0.1 ml) intravenously via the tail vein with 2 \ig 
rUrease in BBS containing 1* Evan's blue dye. 
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Table 10 

the effect of CT-CRMs on the generation of systemic 
anti- Urease IgG antibody titers in BALB/c mice 



Ant i -Recombinant Urease IgG Antibody 
Titers* 


Adjuvant** 


« b 

Route 


Mean 


SE 


CT 


10 


234,010 


43,316 


E29K 


IG 


131,032 


64,183 


R7X 


IG 


17,692 


9,271 


RllK 


IG 


25,502 


11,413 


SHOD 


IG 


22,299 


8,571 


E112D 


XG 


8,784 


5,208 


CT-B 


IG 


47,060 


38,991 




SC-R 


4,038,430 


1,702,556 


QS-21 




5,609,764 


353,824 



a The geometric mean anti -recombinant Urease antibody 
titers were determined by BLI8A on serum samples 
collected on day 28. There were 5 mice per group. 

b The mice were Immunised with 10 jig rUrease 

10 subcutaneoualy (SC) in the rump (R) , or neck (N) on 

days 0 and 16* Mice immunized in tragae trie ally (IG) 
received 100 pg rUreaee on days 0, 2, 14 and 16. The 
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adjuvanto ware either stiwulon™ QS-21 (20 na) , CT (10 
fig) , or CT mutants (10 pg) • 
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Table 11 

The effect of CT-CRMa on the generation of systemic 
anfci-tfrease IgA antibody titers in RALB/c mice 



10 



Anti -Recombinant Urease IgA Antibody 

a 

Titers 



b 

Adjuvant 


b 

Route 


Mean 


SE 


CT 


id 


2,529 


584 


E29H 


16 


l f 013 


426 


R7X 


IG 


82 


15 


RllK 


IG 


153 


39 


E110D 


IO 


351 


137 


E112D 


10 


232 


93 


cr-B 


10 


455 


280 


QS-21 


SC-R 


5,675 


562 


QS-21 


SC-N 


4,7S3 


528 



a The geometric mean anti- recombinant Urease IgA 
antibody titers were determined by ELIflA on serum 
samples collected on day 28* There were 5 mice 
per group. 

* The mice were immunised with 10 MS rUreaso 
subcutaneously (AC) in the rump (R) , or in the neck 
Ul) on days 0 and 16. Mice immunised 
intragastrically (10) received 100 ug rUrease on 
days 0* 2, 14, and 16. The adjuvants were either 
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Stimulon™ QS ,ai (20 fig) , CT (10 pg) , or CT 

derivative b (10 fig) . 



i 
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Table 12 

The effect of CT-CHMa on the generation of anti-Urease 
I fl A antibody titers in the mucosal secretions of BAU/e 

mice 





Anti-RecoxRbinant Urease Antibody 










TiterB* 










BAW^ 






a 

Adjuvant 


Route 0 


IgA 


XgG 


iff* 




CT 




ia 


387 


1005 


3 r 471 


464 


E29H 




ia 


63 


317 


2r095 


265 


R7K 




16 


< 5 


27 


79 


42 


R11K 




IQ 


7 


62 


29 


21 


K110D 




IG 


13 


98 


217 


64 


E112D 




10 


< 5 


17 


991 


108 


CT-B 




IG 


65 


312 


140 


60 


Qfi-21 




SC-R 


6 


9816 


809 


10.272 


QS-21 






11 


10,545 


235 


6,237 









10 



a The anti-tareaee igG and IgA antibody titers were 
determined by W.ISA on pooled samples collected on 
day 29. There were S mice per group- 
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b HAW and W denote bronchoalveolar and vaginal waeh 
respectively. 

e The mice were iamunited with 10 w rureaoe 
eubouteneoualy (SO in the rwnp (R) , or in the neok 
(N) on days 0 and 16.. Mice immunized 
intragaetrically (Its) received 100 fig rUreaee on 
daye 0, 2, 14, and 16- **e adjuvante were either 
Stiawlon™ QS-21 (30 fig). CT (10 fig) , or CT 
derivatives (10 fig) . 



10 
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Table 13 

The generation of protective immune reaponaeB in 
BALB/c mice immuaijed with recombinant ureaee 
formulated with CT or CT-ckM^h 





IgA TIT 


ERS^ 




b 

Antigen 


Adjuvant 0 


Route 


Sera 


BAW d 


No. 
Protected/ 

Total (%) e 


PBS 


CT 


ZG 


<100 


ND 


2/10 (20) 


r Ureaee 


CT 


XG 


2,730 


11 


8/10 (80) 


r Urease 


E2SH 


IG 


1,225 


124 


8/10 (80) 


r Urease 


Qa-21 


AC 


14,917 


7 


3>10 (30) 


NONE 


NONE 


ND 


1 <ioo 


KB 


1/10 (10) 



a The anti-recoabiaant (r) ureaee IgA antibody titer* 
were determined by ELK* on pooled sa^lee collected on 
day 28. There were 10 mice per group. 
10 b Mice were immunised intragastrieally (105 «x daya 0. 
2 14 and 16 with 100 r urease per doae. Control 
nO.ce were injected subcutaneeualy CSC) on daye 0 and 16 
with 10 ftg rUreaao per doae. 

e The rureaae waa formulated with aither 10 «r CT or 
15 CT-CRM per dose, or »i*ed with 20 M9 atimulon™ QS-21 
per doae. 

d »AW denotes bronchoalveolar waah« 
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c The mioe were challenged with 3 doaee of 10' if. felie 
on days 29, 31 and 34 and assayed for protection on day 
44. Protection was asaeaeed by the rapid urease teBt. 
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•Table 15 

rtm generation of ureaee-epecific XgS antibodies in the 
circulation of C57B1/6 nice immunised with recombinant 
urease prepared with either CT, W, or CT-Otlfa,. 



10 



15 



20 





Anti-rUrcaa© Ant 


;ifcody Titex 


*a 8 


1 5" 

Adjuvant 


IgA 


XffG 


IgB 


Total 
lgS d 


HONE 
CV 


732 
2,504 
4,039 
5,251 


30,591 
496,373 
477,098 

670,607 


<4 
32 
16 
64 


ND 
1591 
888 
3589 







a Tne cadpoiat IgA and XgO antibcdy titera were 
determined by ELISA on pooled serum samples collected 
on day 39, There were 5 mice per group. 
b The mice were immunised iatragastrically HO) with 
1Q 0 W rUreaee on days 0, 2, 14, and U. The adjuvant 
were 10 fig CT, CT-CHM„„ or LT. 
a sex denotes that the Xgl antibody titera were 
determined by the passive cutaneous anaphylaxis 
reaction. The PCA was performed oa female Sprague 
pawleyrata. The rats were sedated with 
fcetamine/xylaaiae, shaved, and injected intradermal!* 
with 0.1 ml sera (serially diluted 4-fold) from C57B1/6 
nlC e damiuniaed with rUrease formulated with either CT, 
LT, or CT-«W The rats were sedated 48 to 60 hours 
later and then injected (0.1 ml) intravenously via tie 
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10 



15 



20 



25 



30 



tail vain with 2 W rUrease in PB8 containing 1% 
Evan's blue dye. 

d Tho auwber s are la ng/ml. ND denotes not detected. 

example $ 

The Immune Response* of Swiss-Webster Hioe 
l^Bunized with Recombinant Class 1 Pilin and Class 1 
n„rrT- r nrt h' — ^tain of ww^^ 

la a first experiment, 6-8 week-old Bwiss- 
Webster mice (15 par group) were immunised IN (10 ul) 
at weeks 0, 2 and 3 with 5 jig of purified recombinant 
class 1 pilin (rpilin) formulated with fA-COfa,,, (0.1 
or 1 ug/mouse) . Berum samples, bronchoalvaolar washes 
(BAW) , nasal washes (NW) and vaginal washes (VW) were 
collected from five mica in each group for 
determination of serum end mucosal IgA and igG 
antibodies specific to meningitidis pilin by KLISA 
at week 4. The results are presented in Table 16. The 
remaining ten mice in each group immunised in parallel 
were challenged IN with 2 X 10' CPUs c£ the homologous 
N. meningitidis strain K355P\p2IR (passed through 
infant rats twioe) at week 4. Recovery of Group B H. 
meningitidis from nas^l tissue 24 hours post-challenge 
was determined by quantitative culture, as shewn in 
Figure 2. 

In a second experiment, the protection of 
rpilin formulated with CT-CRM« 8B againflt a homologouB 
meningococcal strain was compared to that of CT-CB1W 
admixed with an unrelated protein, KLK. Groups c£ five 
gwiss-Webster mice (six-week old) were immunised IN (10 
Hi volume) with 5 ug of rpilin with or without CT- 
CRMgjgs (0.1 ug), or with PorA H35S with CT-C»M BMH (0.1 
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ug , at week. 0. 2, and 3. Control groups either 
non-tamuni*.d (naive group) or IK immunised wxth KLK (S 

mr) plus cT-c rataai H (o.i w). end5 ° illt antU50dy 

titers were deterged by whole oeU and antigen- 
5 specific *«SA on pooled serum Babies collected at 

weok 4 before challenge with 1 * 10' CPU's of 
meningococcal strain H35SP*. The result* are presented 

in Tables 17 and 18. 

In a third experiment, the immunogenicity of 

10 aeningococcal PorA formulated with CT-C8M« 98 for IN 

immunisation was assessed. Five Swiss-Webster mice per 
group were immunised a on weeks 0, 2 and 3 with 20 
ug/doee PorA from meningococcal strain H44/76 with or 
without cs.dUfe.Cl ug/doae) as indicated in Table 19. 
1S The anti-PorA H44/76 antibody titers and whole cell 

ELI3A for IgO were assayed on pooled serum and mucosal 
samples collected at week 4 of the sxperiment. The 
results are presented in Table 13 . 

in a fourth experiment, the ability of rpilm 
20 and PorA adjuvanted with CT-CRife.to protect mice 

against the challenge of a heterologous strain of 
meningococci was assessed. Ten Swiss-Webster mice per 
group were immunised IN (10 ul volume) with 5 ug of 
either rpilin. PorA from strain H3 55, or PorA from 
25 strain 870227, formulated with CT-CMfe. (0 .1 WJ> at 

weeka 0, 2, and 3. Control groups were either heat- 
inactivated meningococcal strain 870227 whole cells or 
OT (5 »g) Plus CT-CHWO.l Hi). Ths : endpoint IgC 
and IgA titers were determined by whole cell and 
30 antigen-specific an on pooled serum ^ H 

collected at week 4 before challenge with the "0227 
strain. The resulta are presented in Tables 20 and 31. 
The bacterial recovery from nasal tissue was deterged 
by guantitative culture 24 hours after challenge with 
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10 



15 



■train 870227 and was expreesed as Log„ CFU ± standard 
deviation. The results are shown in Figure 4. 

A fifth experiment was conducted to examine 
the potential of CT-CRM MiH afl an adjuvant for 
. parenteral immunisation. Groups of 10 female Swise- 
Webeter mice, 5-6 weeks old, were immunised 
subeutaneously with 5 ug of PorA E355 formulated with 
either CT-CHlWlO Ug ) or KPL« (100 Ug ) at weeks 0 
and a. Control groups were iomaunised subeutaneously 
with heat-inaetivated meningococcal 870227 whple cells 
or XLH (5 Ug) plus K9h» (100 ug) . Mica were 
challenged IN with 1.2 x 10 7 CFUs of meningococcal 
etrain 870227 at week 6. Twenty- four houre post- 
challenge, mice were sacrificed and nasal tiesuea were 
homogenized and plated on aelective medium. Colonies 
were counted after Incubation at 37 -C overnight and 
expressed as Log w CPU ± standard deviation. The 
results of this experiment are presented in Table 22 
and Figure 5- 



20 
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Table 16 

Adjuvant effectfl of CT-CRM^on the eyatemic 
aueoeal immune to ff. »eninflri tidis x\ 

(Class I H44/76) in SwiBP-Webeter mice 



XsoAunogen 


^i-?PiJ 
Sera (v* o) 

igA 1 iga 


Sera {wfc 4} 
xgAi igQ 


titers sm 
HW 


HW 
IgA 1 is 

1 * 


tmplc 

V 
zgA 


& 
W 

igG 






<5Q 


676 


69,013 


4 41 


23 2 


37 


17 


rPilin 4 
(0.1 jig) 


<so 


<50 


2,209 


209,228 


<2 19 


34 40 


61 


51 


rPilin + 
CI W> 


<50 


<50 


4.089 


1,344,776 


41 540 


75 45 


135 


216 



23.^ 2000 ,6:40 »' Am 1 5 



PCT/USW22510 

WO 00/18434 



77 - 



Table 17 

The effieot of Cr-OOfe,, on the iawune ronponw to 
meningococcal antigen* in Swiefl-Webeter mice 

Total Sera SgO o£ Meningococcal 
B tfhole Cell ELISA 



croup 


B35SP* strain 
Wk o 4 


sm it) 

wx 0 Wit 4 


K9B2 strain 
KTc 0 Wk 4 


5 \kg rPilin 


175* 2,371 


294* 


137* 2,375 


S ug rPiUn + 




294* 2,702 


137* 21,862 


5 PorA* 
0.1 CT-CRM Hm 


175* 10.155 


294* 9,136 


137* 5,733 


5 ug £I*H + 
0.1 |ig CT-CfiM„ JP 


175* 192 


294* 230 


137* 100 







* represent week 0 pooled eaaplee from all sroupe 

10 
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Table 18 

e effect of CT-CRM^ on the immune reeponee to 
meningococcal entire in Bviee-Webatter mice 

Xnti-rPilin and anti-PorA antibody 
ELIBA titers on pooled aamplea 



group 


— 1 

rPilin 
Sera IgO dara igA 
Wk 4 4 


Class 1 OMP H355 
Sera SgC fl©ra IgA 
Wc 4 Wk 4 


S y g r*ilin 


B,840 <50 


<50 <50 


S |ig rPilia + 
0.1 |lg Ct-CBM^a 


149,221 BSO 


xao <so 


5 fig PorA S3 55 + 
0,1 |ig CT-CRM^ 


<50 <S0 


13,795 60 


S }ig KIiH 4- . 

o.i jig ct-ckMm,* 


«50 <50 


<50 <50 



10 
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Table 19 

Immune reBponaes of Swisa-Webeter nice immunised 
intranaaally with meningococcal PorA and CT-CSX^n 



Anti-PorA H44/76 Antibody Titer a 



group 




Sera 








VW 








ig<s 


IgA 


ig<3 


zgA 


igo 


IgA 


igQ 


I*A 


20 \ig PorA 


WOE 


3,530 


ND 


ND 


KD 


KD 


ND 


ND 


HD 




PorA 


1,220 


<30 


<3 


<2 


<2 


<a' 


<7 


<7 


20 Jig PorA + 


WCB 




TO 


HD 


ND 


KD 


ND 


ND 


HD 


1 Jig CT-CRM M|1 


PorA 


17, €73 


<50 


5 


<2 


<2 


<2 


<7 


<7 



ND » No data 

WCB =» whole cell BLXSA to H44/78 fltraia 
PorA * PorA H44/76 specific ELISA. 
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Table 20 

maiune reflponaeB of Swi.m-Web.iter mice immuni™ 
intranaeally with heterologoue and homologoun 
meningococcal PorA and rPilin with ct-Crm,„ b 



S 



As flay 
Antigen 




T «« bv SLISA in mice iaoauniaed i 


with 


Serum 

at 
week 


5*ig KLH 
4 o.ljig 


5jig rPilin 
♦ o.ljig 


5pg *orA 
H355 
4* O.lUg 


5jig PorA 
870227 
+ O.lug 


25 frig HI 
WC 

870227 
+ Q.ljig 


WC 

870227 


0 
4 


<X00 
350 


*1D0 
13,376 


<100 
7,089 


<100 
24,815 


<ioo 

74,930 


WC 

B355P 


0 
4 


257 
310 


2S7 


257 
3,140 


257 
3.930 


257 
5,933 




0 
4 


14$ 
5B5 


146 

1,999,530 


146 
clOD 


146 
<100 


146 
clOO 


PorA 
R355 


0 
4 


<100 
<100 


<100 
673 


<100 
29,770 


<100 
13,009 


<100 
463 


PorA 
870227 


0 
4 


<l0O 
<1Q0 


<100 
<100 


<100 
10,020 


«100 
23,045 


<100 
5,935 



1 Week 0 titerai ara poolB £ro» all groups. 
WC = Whole Cell 
HI o Heat -inactivated 
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Table 21 

„ B pon 0 e B of SwiB-^ter .*» i^nuni-d 
intrana^lly with hetarologpu* *ad h^ologou* 
netti ngocpccal PorA and r*iii* *"h CT-crm^. 







TaA titer* by EH8A in mica i 


immunised v 


rith 


antigen 


Serum 

at 
week 


* o«mg 


+ oa^g 


R355 


5|ig PorA 
870227 

^ o.i^g 


25 |ig RX 
WC 

870227 
+. O.lug 
CT-CRW, 23S 


B70227 


0 
4 


<25 
<25 


<25 
<25 


<2S 


<2S 
<25 


<2S 


WC 

H355P 


0 
4 


*25 
<25 


<25 
<25 


<25 
<25 


<25 
<25 


<2S 
<25 




rPilin 


0 
4 


<25 
<25 


<25 
5.037 


c25 
<25 


<25 
<2B 


<2B 
<25 


PorA 
H355 


0 
4 


-125 
<25 


<25 

<as 


<25 
233 


<25 
200 


<25 
<25 


PorA 
670237 


Q 
4 


s25 
<25 


<25 
<25 


<25 
<25 


<25 
<25 


<25 
<25 



10 



• tteek 0 titer* are pools *rom all group*. 
WC = Wfcole Cell 
HI - Heat- inactivated 
HD >s Ho data 
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table 22 

N. meningitidis Bactericidal Activity from mouse 
sera subcutaneous ly immunised with PorA 
With CT-CBMj,^ or MEL™ 

S 





K355 p+ 


870227 


wk5,c*6 
KLH (b\Lg)s ttPL" (lOOug) 


<2S 


<25 


H355 class 1 DMP (5}ig), KPL™ 
(lOOjig) 


200 


<25 


wk5,d6 

670227 cU8B a ON? (5(ig) , 
MPL™ {lOOUg) 


<25 


100 


wk5,d6 

heat- inaativa ted 870227 WC 
{25ug) # MPXj" (lOOjig) 


25 


200 


wk5,dfi 

H355 fllafifl 1 CMP (5pg) . CT- 
CRM^t, (lOfig) 


<25 


<25 


wkO pool 
negative control 


<10 


<10 


positive oontrol 1 


200 


nd 


positive control 2 


nd* 


400 



* ad b not done 

Complement used- Human UR4-97 

10 

The Jmxnuxxe Responses of BA£iB/c Mice Immunised with 
the Purified Native Fusion (F) Glycoprotein 
of Respira tory Syncytial Virus (RSV) 

15 

In a first experiment, 6-B week old BALB/c 
mice (5 aziice/group} were immunized Intranaeally (10 
ul) at weeks 0 and 14 with 3 ug of purified native 



protein rormuxacea wicn vx-^K»tJSH **« w * AW 
jig/mouse) , wild- type CT (1 jig/mouse) , CT-B (1 jig or 10 
jig/aouee) or no adjuvant. Eadpoint XgG and igA 
antibody titers ware assayed, by B&X0A, on day 24 of 
the experiment . Titers were obtained from sera, 
bronohoalveolar lavage and vaginal washes. The results 
are presented in Table 23, 

In a second experiment, 6-8 week old BALB/o 
mice (5 mice/group) were pra- immunised intranasolly (50 
111) with either wild-type CT (1 yg/mouse) or CT-GRM^h 
(1 ng/mouse) on days 0 and 14. Control groups were 
not pre- immunised. Thereafter, on days 28 and 42, all 
mice were immunised intranasally with 3 jig of F 
protein f cumulated with the samq amounts of CT or CT- 
CRWngw The endpoint Antibody titera were determined 
by ELlflA on pooled sables colleated on days 56 {eera) 
and 57 (bronohoalveolar and vaginal wash fluids) . The 
results arc presented in Table 24. 

In a third experiment, naive female BALB/c 
mice (6-8 weeks i 5 mice/group) were immunised 
intranaeally (IN) at weeks 0, 1 and 2 with purified 
native fusion <F) protein from RfiV A2. Immunisations 
were prepared by f ovulating F protein (3 tig/mouse) 
with CT-CRMjj^k (1 W °* 10 W Mouse) . CT-B (1 Jig or 
10 \ig /mouse) or alum (100 \xg /mouse). The vaccine 
was administered intranaeally by allowing anaesthetised 
mice to breathe in the vaccine placed at the tip of the 
nostril. ! Total volume per dose was 10 Jil per mousa 
(in Table 25), at weeks 0, 1 and 2. Control mice 
received intramuscular primary immunisation containing 
F/A1QH, or reoeived primary and secondary immunisations 
of live RSV A3, delivered intranaeally- : Systemic 
humoral immune responses were assayed, by ELISA, nine 
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days (for Tables 25 and 26) post-tertiary immunisation. 
Bronchoalveolar lavage, vaginal and naaal washes ware 
also collected and utilised in the characterisation of 
mucosal antibody responses. Spleens from immunised 
5 miee were used to assay antigen- dependent killer cell 

activity against K8C-compatable RBV-infeoted target 
cells. A second cohort of nice, that had received an 
identical immunization schedule, was challenged with 
live RSV. Protection of lung compartments within this 

10 cohort was subsequently analyzed at four days post- 

challenge by determination of virus plaques in 
collected homogenised lung tissue. Statistical 
analyses were performed using ANOVA. The results are 
presented in, Table? 25 and 26. 

15 ii i fourth experiment, BALB/c mice were 

immunised intranaaally at weeks 0, 1 and 2 with 
purified RSV J protein (3 fig/mpuae) in combination 
with CT-CRM W5¥ (1 W'or 10 Jig/moupe) , .CTB (l^g or 10 
Hg/mouse) or \ PBS. As a control, mice also received 

20 intranasal delivery of RSV or intramusular delivery of 

F/A10H. Splebocytee were isolated nine days poet- final 
imnwnijsation and stimulated in vitro with syngeneic 
RfiV-infected stimulator cells. After six days in 
culture, antigen- dependent killer cell activity was 

25 determined by quantitation of "Chromium release by 

RSV-infected' target cells. The results are presented 

in Figure 6 . 

In 'k fifth experiment, a viral protection 
assay; the luibg compartments of immunised mice were 
30 isolated four|daye\ after challenge with live RSV, 

homogenized, and quantitation o£ infectious virus vas 
performed. BALB/c mice were immunised intranasally 
with vaccines containing purified P protein from RPV 
and either CTtCRJW, CTB or PBS* Groups of slice were 
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also immuniaed intramuBcularly with F/AlOH as a 
control. Bight days after final imnruniaation (three 
weeks poat F/AiOH vaccine) , mice were challenged with 
live RSV. Pour daye later, pulmonary tieBuee were 
5 harvested and utiliasd in the quantitation of 

infectious virus. The results are presented in Figure 
7. 

In a sixth experiment, naive female BALB/c 
mice (6-8 weeks, 5 nice/group) were immunised 
10 intranasally (IN) at week* 0, 1 and 2 with purified 

native fusion (F) protein from RSV A2. Immunisations 
were prepared by formulating F protein (3 ug/mouae) 
with CS-CSM„ a9K (1 ug/mouae) or alum (100 ug/mouae) . 
The vaccine was administered intranasally by allowing 
IS anaesthetised mice to breathe in the vacoiae placed at 

the tip of the nostril. Total volume per dose was S 
|U per mouse (in Table 37), at weeks 0, 1 and 2. 
Control mice received intramueoular primary 
immunization containing F/AlOR. or received primary and 
20 secondary immunizations of live RSV A2. delivered 

intranasally. Systemic humoral immune responses were 
assayed, by EIilflA, two weeks (for Tables 27 and 28) 
post-tertiary immunisation. Bronchoalveolar lavage, 
vaginal and nasal waahea were also collected and 
25 utilised in the characterisation of mucosal antibody 

responses . Spleens from immunised mice were used to 
assay antigen-dependent killer cell activity against 
MKC-compatable RSV- infected target cells. A second 
cohort of aiae, that had received an identical 
30 immunisation schedule, was challenged with live RSV. 

Protection of lung compartments within this cohort was 
subsequently analysed at four days post- challenge by 
determination of virus plaqueB in collected homogenised 
lung tissue. Statistical analysss were performed using 
AMOVA. Results are presented in Tables 27 and 28. 



35 
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In a seventh experiment, the protocol from 
the fourth experiment was again utilized to determine 
the antigen- dependent CTIi activity to RSV-infected 
target cells. The results are presented in figure 8. 
5 In an eighth experiment, another viral 

protection assay, BXLB/c mice (5 mice/group) were 
immunised intranasally with formulations containing 
purified RSV P protein, with or without cr-CRM^. 
Groups of mice were also immunised intramuscularly with 

10 F/AlOB and left unimraunised (naive) as a control • Two 

weeks after final immunization (four weeks poat-F/AlOH 
administration) , all groups were challenged with live 
rbv. Four days later, pulmonary tissues were harvested 
and utilised in the quantitation of infectious virus. 

15 The results are presented in Figura 9. 

In a ninth experiment/ a three dose protocol 
was employed to investigate the adjuvant response of 
CT-CSMaasK in more detail. Groups of five B&LB/o mice 
were immunised IN (5 |il) at weeks 0/ 1 and 2 with F 

20 protein {% \jlq) , admixed with either 0.01, 0.1 or 1.0 

ug CT-CBME29H. Control mice were primed at day 0 with 
F/A10H (intramuscular) or RflV A2 (IN) . Serum antibody 
titers were determined two weeks poat-tertiary 
immunisation. The results are presented in Table 2d. 

25 Data are presented as the log lc geometric mean antibody 

titer (± 1 SD) . Similar results were obtained in two 
separate studies. 

After IN ijnmunisation with F/CT-CRMg^g, the 
mice in the ninth experiment were also tested for their 

30 local antibody responses to F protein. Mucosal wash 

samples were taken from mice sacrificed two weeks post- 
tertiary immunization and analysed for anti~F protein- 
spacifie IgG and IgA by fililSA. The results are 
presented in Table 30, Data are presented as the log l0 



23. Aug. 2000 16:43 



No. 5075 P. 15 



WO 00/18434 PCT/US99/22S30 

- 87 - 



of the geometric mean endpoint titer that resulted in 
an OO il6 of 0.03. Similar results ware obtained in two 
separate studies . 

In a tenth experiment, in order to 
5 investigate the functional capacity of the humoral 

immune responses induced by F/CT-C£M am immunization, 
sera were tested in a plaque reduction assay for 
neutralizing* antibody titers to RSV A2 • The results 
are presented in Table 31. Geometric mean neutralising 
10 antibody titer* (log 10 ) were determined on individual 

sera (five mice per group) in the presence (+C) and 
abnence (-C) of 5% guinea pig serum as a complement 
source. Similar results were obtained in two separate 
studies. 

15 Xn an eleventh experiment, mice (five mice 

per group) received xtt immunisations of P protein 
formulated with 0.01. 0.1 or 1 |ig of cr-CHM^^ on days 
0, 7 and 14. Control mice were immunised with F/A10K 
(intramuscular) or RSV A3 (XN) . Immunised mice were 

20 challenged two weeks after tertiary immunisation, in 

order to determine the ability of F/CT-CRM^^ to 
protect against subsequent infection. Four days post- 
infection, virus levels were determined in homogenized 
lung and nose tissues of individual mice. The results 

25 are presented in Table 32. Data are presented as the 

geometric mean virus titer per g of tissue (± 1 
standard deviation) - 
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Table 25 

Systemic Immune Responses of BALB/c mice immunised 
intranaeally with RSV F protein and Cr-CRM^ 



Anti-F Antibody Titera 



Group 


Immunogen 


IgO 


IgGl 


Ig02a 


IgA 


776 


10 fig 229H 


<100 


<100 


<100 


<100 


777 


3 |19 F 
1 \ig E29H 


+/- 
32,646 


*/- 

27,002 


4,899 

+/- 
1,027 


16,262 
2,031 


778 


3 ug F 
10 US E29H 


+/- 
7S,6Bfi 


+/- 
29,659 


+/- 
13,508 


+/- 
10,909 


779 


3 fig P 
1 ug CTO 


46.742 

*/- 
32,987 


*/- 
14,985 


*/- 
I, EBB 


+/- 
614 


780 


3 ug F 
io pg CTO 


110,154 


+/- 
34.596 


*/- 
11,016 


~""il','679 
+/- 
7,246 


784 


3 Ug F 
PBS 


+/- 
1,921 


+/- 
743 


<100 


<100 


78S 


3 jig P 

100 ug AlOH 


16,994 


♦/- 
2,348 


<1000 


<100 


907 


RSV A3 


52,749 

+/- 
23,557 


♦/- 
4,286 


+/- 
2,626 


+/- 

2,350 



10 



p<0,05i 777 to 780 versua 784; 780 va 779; 777 to 780 
Vfl 785; 777, 778. 780 vs 907 (779 VP 907 p«0.7) 
p>0.05; 778 va 777 (p=0.125); 
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p<0*05i 777 to 780 vb 784; 777 to 780 va 907; 777 to 
7 80 vb 785 

p>0.05: 781 to 780 ve 907 
ffor Iftqaa 

p<0.05i 777 to 780 VB 784 
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Table 26 

Mucosal Immune Responses of BALB/c mice iaxnuniaed 
intrananally with RSV F protein and CT-CSM S23K 

Anti-F Antibody Titere 



Group 


Xzmnunogen 


BAL pools 
lg<3 IgA 


VW pools 

iga igA 


NW 


pools 


776 


10 \XQ 

S29H 


<25 


<25 


<25 


<25 


<25 


<25 


777 


3 |ig F 
+ l yg 

E29H 


463 


<25 


2S3 


2855 


<25 


237 


778 


3 fig F 
+ 10 Jig 


370 


<2S 


239 


848 


491 


242 




E29H 














779 


3 |ig P 

+ i ng 

CTB 


137 


<2B 


298 


426 


77 


272 


780 


3 |ig F 
4 10 jig 
CTB 


1109 


226 


903 


3574 


512 


372 


784 


3 ng F 
PBS 


<25 


<25 


<25 


78 


<25 


<25 


785 


3 jig iF 

♦ 100 Jig 
A10H 


•—»»-•■«•——» 
<25 


<2S 


<25 


<25 


<25 


<25 


907 


RSV A2 


2870 


112$ 


167 


73B 


172 


170 



23. Aug. 2000 16:46 



No. 5075 P. 23 



WO 00/18434 PCTAJS9OT2520 



95 



Table 27 

Syntonic Immune Responses of BALB/e mice immunised 
lntranasally with RSV P protein and CT-CRMmw, 

s Anti-F Antibody Titers 

Group ^ *B* 

250 PBS <1°° <10 ° <10 ° <10 ° 
T|ig * 3'i5'"878 W.ffi To,TiS Hi" 

M« 1 ,ig E29B + '" +/ - +/ ~ +/ " 

131,746 40.970 16,475 1.458 

257 1 w E29H <1°° < 10Q <10 ° <10 ° 

3 "|ig"F *i"2iVS5i" SS' t 'SSS «8 

258 10fl Hg +/ */ 

^qj, 52,023 27.491 4,205 

Ti'Osi" "<VWT CTiS 

259 RSV A2 +/- +/ " +/ " 

50,247 5,206 4,924 344 

i*nr total IPG: 
p<0.05i 256 vs 250 and 257 
p>0.05: 256 vs 258 and 259 
10 yor loai: 

p<0,05: 256 vs 250 and 257 
p>0,05s 256 VS 258 
For Igflte 

p<0.05i 256 va 250, 257 and 258 
15 p>0.05: 256 vs 259 

For IcrOA 

p>0.05i 256 vs 259 



23. Aug. 2000 16:45 



No. 5075 P. 24 



WO 00/18434 PCT/USW/1MM 



96 



Table 2d 

Mucosal Immune Responses of BAZiB/c mice immunized 
intranaoally with SSV F protein and Cr-CRM^a 



Anti-F Antibody Titers 
Immunogen BAL pools VW pools MM pools 



Group 

IgG IgA IgO IgA IgG IgA 



3 Ug F 

250 pas <25 <25 <2S <25 <25 <25 



3 Ug r 

256 i Uff E29H "6 <25 1,195 3,730 5S4 875 



257 i ug B29K <2S <25 <25 <2S <25 <a5 

3 Ug F 
LOO us 
A10H 



258 100 ug 7W <2S 577 108 148 <as 



259 



J 

RSV A2 



347 <25 172 1,449 305 <25 
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Table 30 

Anti«F Protein Antibgdiea in the Mucosal Fluids of Kiea 
Immunized with P Protein Formulated with CT-CFM R31H 



Immunogen 


BAL 


vw 


NW 


IgO 


igA 


igG 


IgA 


IgO 




F/PBS 


<1.4 


<1.4 


<1.4 


<1.4 


<1.4 


<1.4 


CT-CHMgapn (1 Jig) 


*1.4 


<1.4 


<1.4 


<1.4 


cl.4 


<1.4 


F/CT-CRM Msa (1 


3.1 


<1.4 


2.8 




2.0 


2*2 


K/CT-CRM^h (0.1 
ug) 


2.5 


<1.4 


2.5 




<1.4 


2.3 


(0.01 ng) 


<1.4 


<1.4 


<1*4 


2.2 


<1,4 


<1.4 


f/aioh 


2. 4 


<1.4 


<1.4 


<1.4 


<1.4 


<1.4 
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Table 31 

Generation of Systemic Anti-RSV Keutrali*ing 
Antibodies After IN Immunisation with 
F Protein Formulated with CT-CRM^h 



5 



xsnmiziocf en 

■MOT ' • ■ ■ ■ ^ w«» 


Neutralising 
' antibody 
titer (+C') 


Neutralising 
antibody 
titer (-C) 


— F/PBS 


<1.3 


<1.3 


CT-CRM rWH (1 jig] 


<1.3 


*1.3 


F/CT-CRM aa9H {1 


2.3 i 0.7" 


<1.3 


F/CT-CRMngx (0*1 
tiff) 


2.2 ± 0-4" 


<1.3 


F/CT-CM^jh 
(0.01 Jig) 


<1.3 


cl.3 


F/A10H 


2.0 ± 0.3 


<1.3 


RSV A2 


2.3 ± 0.3 


<1.3 



•p < 0.05 compared to F/PBS or P/CT-CRMgjjg (0.01 Jig), 
p > 0.05 compared to F/CT-CRM„ SB (0.1 |ig) . F/A10H or 
RSV A2. 

b p < 0.05 compared to F/PBS or F/CT-CRM^sa (0.01 jig) , 
p > 0,05 compared to P/cr-CRM,^ (1 |ig) , F/AlOB or 

RSV A3. 
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Table 32 

virus Inf ectivity of Lung and Nasal Tissue after 
IN Xnnamiaation with T Protein and CT-CM^m 



Imxnunogen 


Lung virus 

titer 
(log 14 mean ± 
SD) 


Nasal virus 

titer 
{log 10 mean ± 
SD) 


F/PBS 


4.6 ± 0.5 


2.7 ± 0.2 


CT-CRM iasH (1 ^g} 


4.6 ± 0.5 


3.5 t 0.2 


P/CT-CHM„ 9K (1 jig) 


<2.0 i 0.1*'° 


<1.9 ± 0.1 c 


""p/cx-crftM M1 „ H (o-i 

HAT) 


*1.9 i 0.1 * 


<1.B ±0.1 " 


F/CT-CKKbjph (0.01 

ng) 


3.9 ± 0.7 


2.9 ± 0.4 


f/aioh 


2.6 ± 0.7 


2.3 ± 0.4 


RBV 


<2.0 ± O.03 


<1.8 ± 0.1 


Naive 


4.6 ± 0.1 


3.4 ± 0.5 



V < 0.05 compared to F/PBS. F/CT-CRX^k (0.01 fig) r CT- 
CRM EWa or naive, p > 0.05 compared to F/A10H or RSV 
A2. 

b p ? 0.05 eon\pared to P/cr-CRM^ (0.1 Hg) . 
10 *p < 0.05 compared to P/Cr-CW^ (0.01 |ig) ' F/PBS, CT- 

CKK^ja or naive, p > 0.05 compared to F/CT-CRM wflK (0.1 
jig) , F/AlOtt or RSV *2 . 
*p < 0.05 compared to F/PB8, F/CT-CRMaU (0.01 ng) , C*- 
naive, p > 0.05 compared to F/CT-CHM MW1 (1 
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jig), P/JUOB or R3V A3. 

Example 11 

The IronunG Responses of Mice Hmminitsad with Rotavirus 
gge^^nant virug-.yj£a-g . ^yfeAg i ftfl 

flpodoptera fzugipetd* (8f-9) cells (American 
Type Culture Collection, Manassas, VA) were maintained 
in BP- 900 II serum free medium (Qibco-BRL, Grand 
Island, NY) . Sf 9 cells were co-infected with 
recombinant baculovirus oonstructe expreooing v« and 
Vj> 6 genes from Simian rotavirus strain SAll (33) . 

Released 2/6-VLPb were purified from the 
growth medium of these infected Bf9 eelle as follows. 
The cells were clarified by centrifu 3 ation at 830 x g 
for 30 minutes at room temperature. The eupernatontfl 
were then further clarified by oentrifugation at 8000 * 
g for 30 minutes. VLPs were purified from the 
Bupernatants by oentrifugation twice through 35% 
aucrose in TNC buffer (10 mM Trie, 140 mM NaCi, 10 MM 
CaCl, . pB 8.0) at 98500 x g for two houre, then 
suspended in TNC buffer and atored at 4»C. Purified 
V*Ps were analysed by SDS-PASB, followed by silver and 
Commassie brilliant blue staining to determine purity, 
25 Western blot analysis to analyse protein composition, 

electron microscopy to determine integrity of the 
particles, and BCA protein aBBay to measure total 
protein concentration. 

Commassie brilliant blue, silver staining and 
Western blot analysis of purified 2/6-VLP confirmed the 
presence of VPS and VP6 proteins, as well aB their 
purity and immunoreaotivity with specific monoclonal 
antibodies. Purity of VfcPs was estimated to be about 
3S% from the band intensities on the gels. In 
addition, electron microecopie analysis of these 
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purified 2/6-VLPs confirmed their morphological 
integrity (data not shown) . 

Mice were immunised ad follows. BALB/c and 
CD-I mioe used in this study were purchased from 
5 Charles River fcaboratoriee (Storeridge, KIT) , bred in a 

rotavirus -free environment. Pour week old BALB/c mice 
were immunised twioe on week 0 and 2, either orally 
Cn=4) or IN (n-5, n=4) , with 100 and 10 ug of 2/6-VW?a 
respectively; each dose was formulated with 10 ug pf 

10 CT-CJRMj^h. A third group of BALB/c mice <n=4) received 

2/6-VLPs with CT-CW^jjh ™r followed by an oral booster 
immunisation (i.e., mixed group). Control mice in this 
experiment ware immunized with CT-C*M a „ H (n*10) , IX TtfTC 
buffer (n«5> or 2/fi-VLPs plus IX TOG buffer (n=5) . 

15 Bach mouse was immunised IN with 20 ul of inoculum, 2 

Hi at a time, into alternating nareo at one minute 
intervals. Serum and fecal samples were collected from 
all animals on weeks 0, 1, 2 r 4, 6, B # 10, 13 and the 
levels of rotavirus -specific serum XgG, IgM and IgA 

20 antibodies produced, as well as fecal igG and IgA, were 

determined by SLXSA . The serum antibody results are 
presented in Figures 10 and 11; the fecal antibody 
results are presented in Figure 13. Week 13 serum 
samples were used to determine Igfll and lg02a 

25 subclasses. The antibody subclass results are 

presented in Figure 12. 

Pre -immunization sera diluted 1:100 and 1:2 
dilutions of pre-immunisation stool samples showed no 
reactivity in ELI3A. Sera and stools from controls 

30 receiving only TNC buffer or CX-CMi^a were analysed in 

parallel. The control groups showed no rotavirus - 
specific serum or fecal antibodies throughout tbe 
study. 

Four wook old CD-I mia© were immunised three 
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tinea orally <n=4) or IN (n=4) on weeks o, 2 and 13 ae 
above using cr-CRM^,, a* the adjuvant. A control group 
(»c2> received CT-CKM^sh alone. Serum and etool 
samples ware collected on weeks 0-9 , 11-14, 36-26 and 
5 the levels of rotavirus-epecific serum and fecal 

antibodies were determined. 

For detection and quantification of XgO, IgM 
and IgA in etool and serum samples, 9S-well polyvinyl 
cnloride miorotiter plates (Dynox Technologies, 

10 ChantiUy, VA) were coated with a hyperimmune guinea 

pig anti-SAll rotavirus serum diluted in phosphate 
buffered saline (PBS) and incubated at 37 °C for four 
hours, or overnight at room temperature. The plates 
were then blocked with 5% blotto <S% w/v nonfat 

IS powdered milk in PBS) at 37»C for two hours. Suspended 

Stool sasple* were diluted 111 in 1% BLOTTO and added 
to the plates. The plates were then incubated 
overnight at 4°C, after which they were washed three 
times with TNC buffer plus 0,05% Tween 1 * 20 (TMC-T) * 

20 Rabbit anti-rhesus rotavirus hyperimmune serum was 

diluted in 1% BLOTTO plus 2.5% normal guinea pig serum 
(NGPS) and added to the plates for one hour at 37 B C. 
The plates were then washed three times with THC-T. 
Horseradish peroxidase-conjugated goat anti-rabbit IgG, 

25 IgM and IgA (Xirkegaard and Perry Laboratories, 

Gaithersburg. WD) was diluted in 1% BLOTTO plus 2.5% 
NGPS and added to the plates, which were incubated for 
one hour at 37°C. The plates were then washed four 
times with TNC-T. THb substrate (Xirkegaard and Perry 

30 Laboratories) was added, and the color reactions 

produced were allowed to develop for seven minutes at 
room temperature. The reaction was stopped by the 
addition of 1M phosphoric acid. The OD was determined 
at 450 nm using a micro-plate reader (BIO-TEK 

35 Instrument Winooeki, VT) . Measurements of 0.1 above 
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the blank were considered signif leant. SAll stock 
virus was diluted in It BiiOTTO and added to the plate*, 
which were then incubated overnight at 4'C The plates 
were washed three times with TNC-T, thereafter, stool 
5 samples diluted It 1 in It BLOTTO or serum samples 

diluted serially in 1% BLOTTO were applied. As a 
negative control, duplicates of stool samples were 
added to a well with no anti-SAll antibody coating. 
The plates were incubated for two hours at 37 fl C and 

10 then washed three tines with TNC-T. Peroxidase- 

conjugated goat anti- mouse IgO, igM and IgA wera 
diluted in 1% BLOTTO plus 2.5% NQIPS and added to welle; 
peroxidase-conjugated goat anti -mouse IgA+ igG+IgM (H+L) 
antibodies were similarly diluted and added to wells 

15 for pre-immunization antibody detection. The plates 

wore incubated for one hour at 37 *C and then washed 
four times with TNC-T. The plates were developed as 
described above for the antigen detection ELXSA, The 
ELISA protocol used to determine igG subclasses was a 

20 modification of the protocol described that ea^ployed 

HRP- labeled rat (monoclonal) anti -mouse IgOl and XgG2a 
as the secondary antibodies (Biosource International, 

Camarillo, CA> « 

An immunohi a to chemical assay, described by 

25 Ishida et al (49) , was modified and used to detect 

anti-rotaviral VP2 and VP* antibodies in the serum of 
mice immunized with 2/6-VLPs. Briefly, early log phase 
Sf9 cells in shaker flasks were seeded into 36 well 
tissue culture plates at a density of 2.5 x 10* 

30 cell /well and then incubated one hour at room 

temperature (RT) . Subsequently, cells were infected 
with recombinant baculoviruses encoding VP2 or VPS 
genes at a multiplicity of infection of 10, and the 
infection was allowed to proceed at 28«C for three 

35 days. The culture medium was then discarded, plates 
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were dried in a vacuum oven at *T for one hour and 
fixed with 10% formalin (37% formaldehyde solution 
containing 10-15% methanol; Sigma) in PBS at W for 30 
minutea. Cells were subsequently psrmeablised with 1% 
5 Triton X-100 (Sigma) in TSC buffer at RT for five 

minutes • 

Each set of infected celle expressing the 
designated rotavirus protein was exposed to pre- 
challenge or post- immunisation serum from each BALB/c 
10 or CD-I mouse, followed by immunoetaining. Mouse serum 

samples were serially diluted in PBS with 5% PCS. 
Samples were added to the wells and the plates were 
incubated at 37 «C for two hours. Plates were then 
washed four time* with PBS. Horseradish peroxidase 
15 labeled goat anti-mouse IgQ. IgM or igA antibody 

(iirkegaard & Perry Laboratories) was added in PBS with 
5% PCS, and incubated at 37 'C for one hour. Stained 
cells were detected with 3-a*ino-9-etbyl-earbasole 
substrate (ARC) (Sigma) after washing the wells twice 
with PBS. Uninfected Sf9 cells , serum from unimmunised 
nice, and pre- immunisation sera from Immunised mice 
were used as negative controls. Monoclonal antibodies 
against VP6 (7D9. 5B6) and VP2 (BP2) wore used as 
positive controls (50) . 

BaiaaauniBed animals and those immunised with 
2/6-VUs were challenged by gavage with 10 SD S0 of 
wild-type murine BDIM rotavirus (51) on week 26 (CD-I 
mice) or on week 13 (BALB/e mice). The titer of KDIM 
strain was determined as shedding dose 50 (SD 50 ) , the 
30 dose required to induce fecal viral shedding in 50% of 

adult mice. The trypsin-activated challenge virus (100 
pi) was administered following oral administration of 
100 Ml of ^ w bicarbonate solution to neutralise 
gastric acidity, viruses were diluted in H199 media 
35 (Irvine Beientific, Santa Ana, CA) and activated with 
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10 Ml of trypain stock (1 ag/al) (Sigma chemical Co, 
St. i-cuis, MO) per ml of viral acock solution. 
Following challenge, stool aamplea were collated from 
all animals for 9 days. 
5 Rotavirus antigen shedding in focal samples 

•was measured by BLISA and expreaaed as net optical 
density (00) values, i.e., OD of the poet- challenge 
fecal sample minus OD of the pre -challenge sample from 
the same mice. The area under the shedding curve for 

10 each animal was determined and the percent reduction in 

antigen shedding (PRAS) for each animal was calculated 
by comparing the area under the curve for each animal 
to the mean area of the control group. The mean PRAS 
was then calculated for each immunised group. Only 

15 PRAS levele above 50% were considered protective. The 

results are presented in Figure 14. 

Statistical analyses were performed with SPSS 
for version 8.0 for Windows (SPSS, inc., Chicago, 1L.). 
independent t teets were used to compare pre-challenge 

20 geometric mean titer values and to compare PRAS between 

groups. Up to three digits after the decimal point 
were considered in calculating * values (0.000=0). 

25 increasing the Expression of CT-CRMusk 

T hrough Use nf m a rabingBe lndMcibAe_^£fiagtgx. 

The . construction of the arabinose inducible 
system' was as follows! PCR primers were synthesiaed to 
30 amplify the toxin encoding biciatron from pIXB29U. 

Primer #1, CT29 Forward Nhel: 5' - 

TTTTTTGGGCTAQCATGGAGGAAAAQATG AGC-3' (SBQ ID «0:6); 
Primer #2, CT29 Reverse Hindlll: 5'- 

GCAGGTCGAAOCTXGCATOTTrGGOC-3 ' (SBQ ID HO 1 7). The CP- 
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CMisasH ctxA and ctxB encoding FCR fragment was alonad 
into pBADl8-Ca using the endonuclease sites Mhel and 
Kindlll, resulting in construct pCTie. The ctxB (V. 
choleras 2125) gene from pCTlS was reaoved using Clal 
5 and JfindXII and replaced with a similar fragment from 

plasmid pKGJ142 which was shown to encode a etxB gene 
from V. cholerae strain SfiSB. The resulting construct, 
PPX7490 encodes the cr-CMfc M ctxA and ctxB genes from 
strain 569B under control of the arabinoae promoter, 

10 and has the LTIIb-3 leader sequence. 

Protocols for the large scale expression and 
purification of CT-CSH,^ were developed and are as 
follows: 3t fluted Farabach flaekB were used, with 1L 
per flask of Hy-Soy growth media (per liter: Hy-Soy 10 

IS g; yeaec extract 12.5 g; sodium chloride 5 g; sodium 

phosphate, monobasic 3.3 gi sodium phosphate, dibasic 
13.1 g). For starter-stock preparation, 20 ug/ml 
chloramphenicol and 20 ml of stsrile 50% glucose were 
added to one flask (1% final glucose concentration) . 

20 The flask was then inocuLated with 300 fil DH5<* 

transformed with pPX749Q, -70 'C firosan stock. The 
flask was incubated at 37°C with shaking at 200 rpm 
overnight. All growth media to be used the following 
day was prewarmed by shaking overnight at 37-C at 200 

25 rpm. The following day, a 1:40 dilution of the 

overnight culture was made into Hy-Soy growth media, 
supplemented with 20 fig/ml chloramphenicol and 10 ml 
sterile glycerol (1% final glycerol concentration) as a 
oarbon source. Thie culture waa outgrown at 37"C to an 

30 OD« M of 4.5-5.5 in Perabach flasks (or higher in a 

nioreactor) . The culture was then induced with 20 ml 
L-Arabinoee (0.5* final concentration) and allowed to 
incubate for an additional three hours. After a three 
hour induction period, the majority of toxin was cell- 
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associated. Cella were harvested by oentrifugation and 
the pellet resuspended into 10 m NaP0 4 , 1 mK SDTA (pH 
7.0J buffer at 9% of original culture volume* The call 
suspension was mechanically disrupted through a 
S microf luidizer and centrifuged for ten minutes at 

850 Oxg to remove cellular debris. The cellular lyaate 
(supernatant) waa further clarified at 42,000 rpm for 
one hour in a 4STi rotor, 160,000xg xv . The clarified 
cell lyaate was loaded onto a carboxymethyl (CM) - 

10 Sepharose™ column (Pharmacia) equilibrated with 10mM 

NaPO, (pK 7.0). Approximately 300 ml CK-Bepharose™ 
waa used per 10 liters of culture volume. The cell 
lyaate wan loaded onto the column at the rate of 0.102 
can/min (2 »l/min) . The column *as washed extensively 

15 with 10-15 column volume* of 10 oM NaP0 4 (pH. 7.0) at 

0.255 cm/min (5 ml/min) to remove contaminant a . The 
CT-CHM^ga holotoxin waa eluted with four column volumes 
Of XOmM NaP0 4 (pH B.3) at 0.255 cm/min. The CT-GftM^,,- 
containing- eluate was buffer exchanged by filtration or 

20 dialyaed against PBS, then stored at 4"C. 

pxample_JL3 

The Immune Responses of BALB/c Mice Immun ised 
with Plasmid DNA Encoding the Full Length 
25 ^ynoprotoin D of JBftrpefl Simple^ Yir^fl TypjL^ 

six to eight week old female BAM/c mice were 
immunised with plasmid DMA (pDNA) encoding the full 
length glycoprotein D of herpes siaplex virus type 2 
30 (gD2) (the plasmid containing the gD2 gene ia described 

in Pachuk et al. (40), which is hereby incorporated by 
reference), formulated with 0.25% bupivacaine, and 
adjuvanted with wild- type CT, CT-CKWq^ ox no adjuvant. 
Animals were given a secondary immunisation three weeks 
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following the primary and euthanioed two weeks after 
the last injection. Hie protocol for immunization vrae 
as follows. 



20 



Group 


Route of 
Delivery 


Cone, of 
Plaemid 


Cone, of 
Adjuvant 


Volume 
Injected 












Mouse 1 


ID 


50 \ig 024 


50 jig CT-CRM^g 


10 Ml 


Mouse 2 


ID 


50 ng 024 


50 Jig CT 


10 pi 


Mouse 3 


ID 


50 jig 0214 




10 ill 


House 4 


JM 


50 fig 024 




100 fil 


Mouse 5 


ID 


50 \ig 023 




10 Jll 



024 - pDNA Including gD2 gene? 023 * pDNA backbone 
without gP2 gene inserted 
10 ID n intradermal; IM - intramuscular 

Group 4 served as a positive control; Group 5 served as 
a negative control. 

A proliferation assay was conducted as 
15 follows: 1X10* spleen cells were cultured in the 

presence or absence of 200ng/ml of gD2 protein in 
complete RPMi media with 10% ?CS. After four days 
incubation at 37 D C in the presence of 5% CO,, cultures 
were pulsed overnight with 1 CH] . 3 [H] incorporation 
was measured on a beta counter. The counts were 
reported as SI (Stimulation Index * counts in presence 
of antigen stimulation divided by counts in absence of 
antigen stimulation) . The results are presented in 
Table 34. 

25 An Eiiis A was carried out to measure the 

antigen- specific humoral response in sera and vaginal 



23. Aug. 2000 16:51 



No. 5075 P. 



PC17US99/22S20 

WO 00/18434 



111 



washes. Briefly, 96 well flat bottom platea (Maxiscrb, 
Nunc) were coated overnight at 4«C with purified gD2 
protein at a concentration of 0.4 ugfl/ml. The platea 
were washed three times with PBS and blocked with 4% 
5 BSA for one hour at room temperature, Jifty 

microliters (lilOO dilution) of serum samples or 50ul 
of vaginal waah sample was added to the plate. After 
incubation for one hour for Bera and overnight at 4°C 
for vaginal waah. the platea were waahed with PBS five 
10 times, and a 1:3000 dilution of peroxidase -conjugated 

anti -mouse ig (Sigma, St. Louis, MO) was added and the 
plates incubated for one hour, the plates were washed 
with PBS before adding the substrate 3, 3', 5,5' - 
tetramethylbenzidine (TMB)-H,0, (Biotecx, Houston. TX) . 
Color was allowed to develop for 30 minutes before 
reading at 450 am on a 1U, mioroplate reader 
(Molecular Devioea. Sunnyvale, CA) . The results are 
presented in Table 35 (sera) and Table 36 (vaginal 
washes) . 

Cytokines were measured using a standard 
BI.I8A as dsscribed above. Plates were suitably coated 
to capture either IL-5 or gamma interferon from 
supematants from 24 hour or 72 hour old gD2 -stimulated 
cultures respectively. The results are presented in 
25 Table 37. 
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Table 34 

gD2-Speoi£ic Cellular Proliferation 
Response (SI) After Administration of 
pDNA for KfiV gD2 with CT or Cr-CRM^ 

5 



Group 


ID 


IB 


ID 


IK 




CT 


















Mouse 1 


6521 


28826 


24696 


30949 


Mouse 2 


9641 


15760 


20249 


26159 


Mouse 3 


32078 


25558 


12472 


35366 


Mouse 4 


28792 


19023 


7092 


5151 


Mouse 5 


12486 


22510 


14702 


30790 


Average 


17904 


22335 


15842 


25683 



Table 35 

gD2 -specific Humoral Response {ng/mlj After 
Administration of pDNA BSV gD2 with 
CT or CT-CRM^aa in Sera 



Group 


ID 


ZD 


ID 


" IM 




CT 


CT-CRKjjih 
















Mouse 1 


-27 


606 


516 


932 


Mouse 2 


-15 


1387 


1547 


1315 


Mouse 3 


333 


33 


113 


430 


Mouse 4 


582 


755 


688 


108 


Mouse 5 


3 


206 


13 


234 


Average 


175 


59B 


S75 


604 



15 
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Table 36 

gD2-Specific3 Humoral Reeponae <ng/ml) After 
Admin is t rat ion of pDNA HSV gD2 with 
CT or CT-CRMj^ in Yaginal Washes 

5 



Group 


ID 


ID 


ID 


XM 




CT 


















Mouse 1 


0 


0 


69 


374 


Mouse 2 


0 


224 


0 


198 


Mouoc 3 


0 


145 


0 


83 


"Souae 4 


0 


0 


347 


0 


Mouse 5 


0 


-49 


0 


0 


Average 


0 


70 


54 


112 



Table 37 

gD2 -Specific Cytokine ELXSA Profile (pg/ml) 

10 





024* 


024+ 


024 


024 


023 




CT 




ID 


IK 


Cqh- 




ID 


ID 






trol 


gamma 


1597 


17S1 


136 


716 


505 


IFN 












IL-5 


63 


209 


9 


388 


16 



! 
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What is olaimed is: 

1. An antigenic composition comprising a 
aelectad antigen £ro» a pathogenic bacterium, virus, 
fungus or parasite and an effective adjuvanting amount 
of a mutant cholera holotoxin, wherein the holotoxin 
has reduced toxicity compared to^wild-type cholera 
holotoxin and haa a substitution. other than aopartic 

aoid for the glutamic acid at position-2 3 of-Uie A 

subunit of the cholera holotoxin. wherein said 
holotoxin enhances the immune response in a vertebrate 
host to said antigen* 

2. The antigenic composition of Claim 1 
comprising more than one antigen, 

3. The antigenic composition of Claim 1 
wherein the amino acid at position 29 is histidine. 

4. The antigenic composition o£ Claim 1 
where the selected antigen is the Haemophilus 
influenzae P4 outer membrane protein, the Haemophilus 
influenzae outer membrane protein, the Haemophilus 
influenzae adherence and penetration protein (Hap a ), 
the Helicobacter pylori urease protein, the Neisseria 
meningitidie Group 8 recombinant olass 1 pilin 

(rpilin) , the Neisseria meningitidis Group b class 1 
outer membrane protein (PorA) , the respiratory 
syncytial virus fusion protein, a rotavirua virus-like 
particle or the herpes simplex virus (KSV) type 2 
glycoprotein D {gD3 ) • 

5. The antigenic composition of Claim 4 
where the selected antigen is the Haemophilus 
Influenzae 34 outer membrane protein, the Haemophilus 
influenzae P6 outer membrane protein, the Haemophilus 
influenzae Hap B protein or any combination thereof. 
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6. The antigenic composition of Claim 4 
whore the selected antigen is the J7elicohaaeer pylori 
urease protein. 

7. The antigenic composition of Claim 4 
where the selected antigen id the Neisseria 
meningitidis rpilin, the Neisseria meningitidis PorA 
protein or a combination thereof. 

8. The antigenic composition of Claim 4 
Where the delected antigen is the respiratory syncytial 
virus fusion protein. 

S. The antigenic composition of Claim 4 
where the selected antigen is a rotavirus virus-like 
particle* 

10* The antigenic composition of Claim 9 
where the virus-like particle is a rotavirus 2/6-virus- 
like particle. 

11. The antigenic composition of Claim 4 
where the selected antigen is HSV gD2. 

12. The antigenic composition of Claim 11 
where the antigenic composition is a polynucleotide 
vaccine comprising plasmid DMA encoding HSV gD2. 

13. The antigenic composition of Claim 1 
which further comprises a diluent or carrier. 



23. Aug. 2000 16:54 



No. 5075 P. 48 



PCT/US99/22520 

WO 00/18434 A/uaw " MV 



120 - 



14. The antigenic composition of Claim 1 
which further comprises a second adjuvant in addition 
to the mutant cholera holotoxln. 

15. The antigenic composition of Claim 1 
wherein at leant one additional mutation is made to the 
A subunit of the cholera holotoxln at a position other 
than amino acid 29. 

16. The antigenic composition of Claim 15 
wherein the at leant one additional mutation is made as 
a substitution for the argiaine at amino acid 7, the 
aspartic aoid at position 9, the arginine at position 
11, the histidine at position 44, the valine at 
position 53, the arginine at position 54, the serine at 
position 61, the serine at position 63, the histidine 
at position 70, the valine at position 97, the tyrosine 
at position 104, the proline at position 106, the 
histidine at position 107, the serine at position 109, 
the glutamic acid at position 110, the glutamic acid at 
position 112, the serine at position 114, the 
tryptophan at position 127, the arginine at position 
146 and the arginine at position 192. 

17 . A method for increasing the ability of 
an antigenic composition containing a selected antigen 
from a pathogenic bacterium, virus, fungus or parasite 
to elicit the immune response of a vertebrate host, 
which comprises administering to said host an antigenic 
composition of Claim 1* 

IB. A method for increasing the ability of 
an antigenic composition containing an Kaemophilus 
influenzae antigen to elicit the immune response of a 
vertebrate host, which comprises administering to said 
host an antigenic composition of Claim 5. 
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19. A method for increasing the ability of 
aa antigenic composition containing a Helicobacter 
pylori antigen to elicit the immune response of a 
vertebrate host, which comprises administering to said 
host an antigenic composition of Claim 6. 

20. A method for increasing the ability of 
an antigenic composition containing a Neisseria 
meningitidis antigen to elicit th© immune response of a 
vertebrate host, which comprises administering to said 
hoBt an antigenic composition of Claim 7. 

21. A method for increasing the ability of 
an antigenic composition containing a respiratory 
syncytial virus antigen to elicit the immune response 
of a vertebrate host, which comprise* administering to 
said host an antigenic composition of Claim 8. 

22. A method for increasing the ability of 
an antigenic compoeition containing a rotavirus antigen 
to elicit the immune response of a vertebrate host, 
which comprises administering to said host an antigenic 
composition of Claim 9. 

23. A method for increasing the ability of 
an antigenic composition containing a herpes simplex 
virus antigen to elicit the immune response of a 
vertebrate host, *hich comprises administering to said 
host an antigenic composition of Claim 11. 

24* A plasmid containing an isolated and 
purified DNA sequence comprising a OKA sequence which 
encode an immunogenic mutant cholera holotoxin having a 
substitution other than aspartic acid for the glutamic 
acid at position 29 of the A subunit of the cholera 
holotoxin, and wherein the DMA sequence is operatively 
linked to an arabinose inducible promoter. 
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25. A host cell transf ormed, transduced or 
transf ected with the plasmid of Claim 24. 

26. A method of producing an immunogenic 
mutant cholera holotoxin, wherein the cholera holotoxin 
has reduced toxicity compared to a wild-type cholera 
holotoxin and has a substitution other than aspartie 
acid for the glutamic acid at position 29 of the A 
eubunit of the cholera holotoxin, which comprises 
transforming, transducing or transfeating a host call 
with the plasmid of Claim 24 and culturing the host 
cell under conditions which permit the expression of 
eaid recombinant immunogenic detoxified protein by the 
hoot cell* 

27. tfse of effective adjuvanting amount of a 
mutant cholera holotoxin, wherein the holotoxin hae 
reduced toxicity compared to a wild-type cholera 
holotoxin and has a substitution other than aspartie 
acid for the glutamic aoid at position 29 of the A 
eubunit of the cholera holotoxin, in combination with a 
selected antigen from a pathogenic bacterium, virus, 
fungus or parasite, to prepare an antigenic 
composition, wherein said holotoxin enhances the immune 
response in a vertebrate host to said antigen. 
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